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Previous studies have demonstrated that 
any stress which will stimulate adrenal cor- 
tical function will cause a fall in the number 
of circulating polymorphonuclear eosinophilic 
-leukocytes(1,2). Recently, this response of 
the circulating eosinophils to adrenal cortical 
stimulation was developed by Speirs and 
Meyer into a quantitative and specific method 
for estimating relatively small amounts of cor- 
ticoids(3-5). The present paper describes 
the biological activity of various steroids as 
determined by the Speirs-Meyer test. Several 
points of technic are also discussed. 

Methods. Fy, hybrids of Cs; Brown female 
and Cs; Black male mice were adrenalecto- 
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mized and implanted with 11-desoxycorti- 
costerone acetate (D.C.A.). The mice were 
housed in metal cages, and were used for the 
first time in the assay after an interval of at 
least 4 days after the operation. On the 
morning of the test they were injected sub- 
cutaneously with 20 pg of epinephrine hydro- 
chloride. Four hours later, a sample of tail 
blood was taken, immediately after which the 
test sample was injected. Three hours later 
another sample of tail blood was drawn. 
Eosinophil counts of the blood were made in 
the Fuchs-Rosenthal or in the Speirs-Levy 
hemocytometer, and the percent fall in the 
eosinophil count in second sample relative to 
the first was calculated. The mean percent 
fall in a group of about 6 mice was used as a 
measure of the activity of the substance 
tested. Other details of the method are sup- 
plied in the paper of Speirs and Meyer(3-5). 
Of the first 98 mice who were adrenalecto- 
mized and pre-treated with epinephrine only 
36 had counts of more than 30 cells per 2 
chambers of the Fuchs-Rosenthal hemocy- 
tometer, that is, more than 93 cells per cubic 
millimeter of blood. Inasmuch as _ Speirs’ 
suggestion of discarding such “low count” 
mice was followed(5), this meant that a large 
proportion of mice could not be used in the 
test. The solution of the problem of the “low 
count” mice was found to depend in part on 
how much D.C.A. was implanted subcutane- 
ously at the time of adrenalectomy. At first, 
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STAINING EOSINOPHILS 


FIG. 1. Influence on eosinophil count of length of 
time cells were in contact with the diluent. 


when a 214 mg pellet was implanted into 
each mouse, the rather large proportion of 
_ “low count” mice just mentioned was the re- 
sult. However, when a 5 mg pellet was used 
62 out of the next 97 mice utilized had more 
than 93 eosinophils per cu millimeter. In 
these experiments, 2-3 month old mice were 
used. Recently, 5-6 month old mice were 
used, and the incidence of low count mice was 
further reduced to about 10% of mice ad- 
renalectomized and implanted with 5 mg 
D.C.A. The mouse blood in the Speirs-Myer 
test must be in contact with the diluent for at 
least 10 minutes before stabilized counts can 
be obtained. Counts taken only 3 to 4 min- 
utes after diluting blood were consistently 
lower than those counted about 10 minutes 
later (Fig. 1). The diluent used was that of 
Speirs and Meyer(3). 

Corticosterone (Kendall’s Compound B), 
11-dehydrocorticosterone acetate (Kendall’s 
Compound A acetate), and 11-desoxy-17- 
hydroxycorticosterone (Reichstein’s Sub- 
stance S) were tested for activity and com- 
pared with that of 11-dehydro-17-hydroxycor- 
ticosterone (Kendall’s Compound E). All 
compounds were administered subcutaneously 
in 0.10-0.25 cc of 10% ethanol solution and 
tested at several dose levels. Sodium cholate 
was also tested at 2 dose levels in a few ani- 
mals. In another experiment, the eosinopenic 
activity of 11-dehydro-17-hydroxycorticoster- 
one-21-aldehyde (Compound E aldehyde) and 
of 11-dehydro-17-hydroxycorticosterone-tri- 
carballylate (Compound E  tricarballylate) 
were compared with that of 17-hydroxy- 
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corticosterone (Kendall’s Compound F). 
Compound F was administered in solution 
containing not more than 0.75% methanol. 
Compound E aldehyde was injected as an 
aqueous solution containing 15 mg % or less 


of dextrose, while Compound E tricarballylate | 


was given as an aqueous solution containing 
not more than 48 mg % mannitol. The 
structural formula of Compound E tricar- 
ballylate is 


Cz - | 000, cHy.CH. (cOoH).cH,CooH] 


OF 

The 3 compounds were administered via the 
tail vein at several dosage levels but in the 
same injection volume—0.20 cc. In this ex- 
periment the doses were selected so that the 
calculations for the factorial analysis accord- 
ing to Bliss and Marks could be carried out 
(6). The relative potencies of Compound E, 
Compound A acetate, and Compound B, and 
of Compound F, Compound E aldehyde, and 
Compound E. tricarballylate were estimated 
by Irwin’s method(7). The departure from 
parallelism of the regression lines of the 
above steroids was tested by a 7° test. 

The data of Compound F, Compound E 
aldehyde, and Compound E_ tricarballylate 
were also submitted to a factorial analysis, 
as described by Bliss and Marks(6), to test 
for the significance of the differences between 
steroids, for the significance of the slope of 
the dosage-response curve, for departure from 
parallelism, for curvature of the combined 
curve and for opposed curvature of the sep- 
arate curves. For this test, equal numbers 
of animals at each dosage of each compound — 
were required. Inasmuch as some groups had 
more than 6—the lowest number per group— 
data were removed from those groups with 
more than this number. However, the values 
removed were selected so that the mean, 
standard error and relative potency of the 
effected data were only very slightly and in- 
significantly altered by the removal 

Results. Compounds A acetate and B were 


EOsINOPENIC ASSAY OF ADRENAL CoRTICOIDS 3 


TABLE I. 
Relative Eosinopenia Activities of Some Adrenal Corticoids, and Precision of the Test.* 


Index of Range of 

No. of precision Potency potency 

Compound mice Slope (b) (r) ratio (.95%) 
Compound E 28 + 73.67 256 100 — 

“4 B 61 + 65.37 eat 11 3 to 14 

fs A acetate 19 +102.72 180 12 1 to 22 
2 F 19 + 64.33 402 100 — 

3 E aldehyde 20 + 92.32 300 3 26 to 58 

‘. E tricarballylate 28 +100.37 337 11 8 to 16 


: The potency ratios of Compounds A acetate and B were expressed in terms of Compound 
E while those of Compounds E aldehyde and E tricarballylate were expressed in terms of Com- 


pound F. 


TABLE II. Percent Fall in Circulating Eosinophil 
Cells Produced by Various Steroids in Adrenalecto- 
mized Mice, Pre-treated with Epinephrine. 


% fallin 

eosinophils, 
INios Ot eine amet 

Compound Amt,ug mice stand.error 
Kendall’s Compound E 1.3 5) of = 8 
1.6 8 36 + 10 
2.8 i Sibees © 
4.6 8 69+ 4 
_ Kendall’s Compound 7.5 7 9+ 3 
A acetate 10.0 6 26+ 12 
30.0 6 Kas 7 
Kendall’s Compound B- 4.3 7 8a 5 
4.5 6 die 
9.0 fi ORES 
15.0 10 aye Of 
22.5 6 454+ 5 
30 7 48 + 10 
41.7 12 66 = 6 
65 6 87a 4 
Reichstein’s Sub- 50 4 44+ 4 
stance S 100 ui 24+ 1] 
Sodium cholate 2000 2 Das 10) 
4000 2 Oz 0 
Kendall's Compound F 1.5 6 35 +11 
3.0 6 56 8 
6.0 7 744 5 
Compound E aldehyde 3.0 Zt 16. =e 88. 
6.0 6 Gyre lal 
12.0 7 2ie a 
Compound E tri- 12.0 11 22a, 
carballylate 24.0 9 50 + 10 
48.0 8 82+ 3 


found to have about 12 and 11%, respec- 
tively, the eosinopenic activity of Compound 
E (Table I). Substance S and sodium cho- 
late were inactive at the dosages tested (Table 
II). The dosage-response curves of Com- 
pounds E, A acetate and B showed a signifi- 
cant positive slope (P <0.001), and no sig- 
nificant departure from parallelism between 
Compounds E and A acetate, or E and B. 


Compound E aldehyde and Compound E | 
tricarballylate had 39% and 11%, respec- 
tively, the activity of Compound F (Table 
I). That Compound E aldehyde was less 
active than Compound F was apparent from 
the fact that 3, 6, and 12 pg, respectively, of 
the former were required to produce an eosino- 
penia comparable to that obtained with 1.5, 
3, and 6 yg, respectively, of the latter, while 
even more, that is 12, 24, and 48 yg, respec- 
tively, of Compound E tricarballylate were 
necessary to produce the same degree of 
eosinopenia (Table Il). The dose-response 
curves of these 3 corticoids showed no sig- 
nificant departure from parallelism, indicating 
that the range of doses was in a useful por- 
tion of the curve. In all 3 steroids there was 
an insignificant amount of curvature and of 
opposed curvature.t 


Discussion. The values obtained for Com- 


+ The solvents in which the hormones were ad- 
ministered did not appear to be eosinopenically active. 
Thus, the 10% ethanol solution showed little or no 
activity when administered with Substance S or with 
4.5 yg of Compound B. Similarly, little or no 
eosinopenia occurred when a 15 mg% dextrose solu- 
tion containing 1.5 pg of Compound E aldehyde was 
assayed or a 48 mg% mannitol solution containing 
6 wg of Compound E tricarballylate was administered. 
Only when the same volumes of these solvents con- 
taining larger amounts of these corticoids were ad- 
ministered did an eosinopenia occur. Therefore, the 
solvents themselves were inactive. The eosinopenic 
inertness of the above solvents agrees with Speirs 
and Meyer’s observation that of a wide variety of 
substances, including over 60 steroids, only solutions 
containing certain corticoids with an oxygen at Cy, 
and a double bond at C, = produce an eosinopenia in 
epinephrine-pretreated adrenalectomized mice. 
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pound E in the present study were very 
similar to those reported by Speirs and 
Meyer(4). Thus, they reported a mean per- 
cent fall in eosinophils of 81, 44, and 24, 
3 hours after 6, 3, and 1 mg, respectively, of 
Compound E were administered. Utiliz- 
ing the data obtained for Compound 
E in the present study (Table II), 
the estimated mean percent fall in eosino- 
phils at 3 hours for 6, 3, and 1 pg of Com- 
pound E was 77, 55, and 20. Similarly, 
Speirs and Meyer reported a 79, 60, and 13% 
decline in circulating eosinophils 3 hours after 
the administration of 6, 3, and 1 yg, respec- 
tively, of Compound F. For the same doses 
of Compound F, the results in similarly 
treated mice in our laboratory were 74, 56, 
and 28%, respectively. Thus, the agreement 
between these results was satisfactory, es- 
pecially in view of the fact that each labora- 
tory used a different vehicle for administering 
these hormones and also, in the case of Com- 
pound F, a different route of administration. 
Thus, Speirs and Meyer injected Compound 
F subcutaneously, while we administered it 
intravenously. Therefore, a comparison of 
the relative eosinopenic activities of the cor- 
ticoids in the present study would appear to 
be valid even though some were administered 
under the skin and others via tail vein. 

Of all the compounds so far tested for their 
eosinopenic effect by Speirs and Meyer and 
by this laboratory, Compound E, Compound 
E acetate, and Compound F were the most 
active. Any alteration in the structure of 
these steroids has so far resulted only in loss 
of eosinopenic activity. Thus, saturation of 
the 3 a, 8 unsaturated ketone in Compound E 
to give Kendall’s Compound G completely 
destroyed this activity(4) as did also removal 
of the Cy, oxygen from Compound E (see 
Substance S, Table II). Removal of the 
17-hydroxyl from the Compound E acetate or 
Compound F resulted in a considerable but 
not total loss of eosinopenic activity (see 
Compounds A acetate and B, Table II). 
Oxidation of the C2; alcohol to an aldehyde 
also resulted in a reduction of eosinopenic 
activity although less so than the other 
changes mentioned (see Compound E alde- 
hyde, Table II). Finally, although the ace- 


tate ester of Compound E was as active as 
free Compound E(4), Compound E tricar- 
baliylate appeared to be less active (Table 
II) even if allowance was made for the fact 
that only 2/3 of the molecular weight of 
Compound E tricarballylate consisted of 
Compound E. 

The order of the potency of the adrenal 
cortical steroids as measured by the Speirs- 
Meyer eosinopenic test was very similar to 
that found by other methods, which measure 
some aspect of carbohydrate metabolism 
(11,12) or work performance(13); that is, 
Compounds E and F were more active than 
Compounds A, B and Substance S. Further- 
more, Compounds A and B were found to 
have the same order of biological activity, 
whether investigated by an “‘eosinopenia”’ test 
(Table I), or by a “sugar activity” test 
(11,12,14,15). Also, Substance S showed 
little or no biological activity by the Speirs- 
Meyer test (Table II), by the “sugar activ- 
ity” or “work performance” assays(16,17). 
Finally, while in the eosinopenia test, E was 
as active as F(4,Table II), or even more ac- 
tive(18), F had the greater efficacy in assays 
which measure sugar activity(11,13) or work 
performance(19), and in tests which measured 
a variety of metabolic and morphologic 
criteria(20). 

The indices of precision, X, were higher for 
the Speirs-Meyer test than for many other 
bio-assays of adrenal cortical steroids (Table 
I) but it had the advantage of being able to 
measure smaller amounts of the sugar-active 
corticoids than most other corticoid bio- 
assays(8). The importance of this fact was 
observed in a recent study which revealed 
that rat adrenals produce corticoids in vitro,. 
and that corticotropin, added in vitro, stimu- 
lated this production(9,10). The amount of 
corticoids produced by the rat adrenals ix 
vitro was too low to be detected by most of 
the other bio-assays but was within the range 
of the Speirs-Meyer method. 

Summary. The eosinopenia test of Speirs 
and Meyer for determining small amounts of 
adrenal cortical steroids was found to yield 
dependable results in our laboratory. <A 
series of corticoids examined for their eosino- 
penic effect had the following order of activ- 
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ity: Compound E and equally-active Com- 
pound F were most efficacious in reducing the 
number of circulating eosinophils. Compound 
E aldehyde was less active, while Kendall’s 
Compound A acetate, Kendall’s Compound B 
and Compound E tricarballylate were still 
less potent. Reichstein’s Substance S had no 
eosinopenic activity even though it was ad- 
ministered in larger amounts than the other 
compounds. Except for Substance S, the 
other corticoids tested showed a significant 
positive regression of percent fall of circulat- 
ing eosinophils on the logarithm of the ad- 
ministered dose within the limits of the dos- 
ages tested. The slopes of the linear regres- 
sions of these corticoids were also more or 
less similar. 
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Immobilization of Schistosoma mansoni Miracidia by Immune Serum.* 
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(Introduced by Frederik B. Bang) 


From the Department of Medicine, Johns Hopkins University, Baltimore, Md. 


Immobilization of ciliates and free living 
flagellates by antibodies is well known(1,2). 
This report concerns the development of an 
immobilizing factor for the ciliated larval 
stage (miracidium) of Schistosoma mansoni 
by experimentally infected animals. This 
factor appears in the serum at about the same 
time in the course of the infection as do the 
capacities to form a precipitate around the 


* This investigation was supported in part by the 
Medical Research and Development Board, Office 
of the Surgeon General, Department of the Army, 
under Contract No. DA-49-007-MD-338 and by a 
grant in aid from Eli Lilly and Co. 


cercariae (infective larval stage) (3), to ag- 
glutinate the cercariae(4), and to form a 
“hood” around the cercariae(5). It is recog- 
nized that these 3 reactions and the one here 
described may be caused by the same anti- 
body. 


Material and methods. The miracidia 
used in the immobilization tests were obtained 
from the livers of infected hamsters. A sus- 
pension of the infected liver in 0.15 M NaCl 
was prepared by maceration in the Waring 
Blender for 30-60 seconds; this suspension 
was allowed to settle in a sedimentation cone 
for %4 hour. The sediment was suspended 
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in aged tap water in a 250 ml Erlenmyer 
flask, placed under a strong light source and 
the hatching miracidia collected with a capil- 
lary pipette. 

Immune? sera were obtained from golden 
hamsters . (Cricetus auratus) infected with 
S. mansoni for varying periods of time and 
from monkeys (M. mulatia) infected with 
S. mansoni and (M. phillippinensis) infected 
with S. japonica. Controls included normal 
monkey, hamster, and human sera. All blood 
from monkeys and hamsters was drawn by 
cardiac puncture. All sera were heated at 
56°C for % hour. 

Serial dilutions of the serum were made in 
10 x 100 mm test tubes. Five drops of a given 
dilution were then added to 5 drops of a 
water suspension of miracidia which had been 
placed on a paraffin ringed microscope slide. 
Each preparation usually contained 5 or more 
miracidia. The mixture was allowed to stand 
for 10 minutes at room temperature, and the 
effect of the serum was determined with the 
aid of a binocular dissecting microscope (60x). 
Any noticeable effects on the miracidia were 
studied further by placing a coverslip over 
the slide and observing at 100x and 400x 
under a compound microscope. 

The procedure outlined in the original re- 
_port(3) was used in studies on the cercarial 
precipitate reaction. 

Results. Serial dilutions of sera were tested 
for immobilizing effect, as shown in Table I. 

In the higher dilutions of serum it was ob- 
served that some cilia were immobilized while 
others on the same organism continued to 
beat. A series of preparations at different 
concentrations of serum were then studied 
under a Zeiss phase contrast microscope. The 


TABLE I. Effect of Normal and Immune Hamster 
Serum on the Miracidia of S. mansoni. 


Animal Days Serum dilution——, 
No. infected 1/10 1/20 1/40 1/80 1/160 
72 Gnf.) 161 Ape 2 a 0 


29 (nor.) 0 0 0 0 0) 0 


4 — Complete immobilization. 

3,2,1 = Partial immobilization but some cilia re- 
main mobile. 

0'= Norvefiect. 


+ Sera from infected animals are referred to as 
immune sera. 


FIG. 1. Areas of immobilized cilia shown in black. 

A, Total immobilization (4+). B. Partial im- 

mobilization (2+). C. No immobilization (—) 
normal serum, 
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FIG. 2. Titers of in vitro reactions in infected 


monkey. 


immobilized cilia were usually in the same 
general location on the miracidium as illus- 
trated in Fig. 1. 

Time of appearance of the immobilization 
antibody. A rhesus monkey infected with 
500-600 S. mansoni cercariae was bled at ap- 
proximately 10-day intervals. The sera were 
stored at —16°C until use. The immobilizing 
activity of the serum first appeared between 
the 39th and 48th day. It increased in titer 
until a maximum of 1/160 was attained at 
about the 75th day (Fig. 2). For comparison 
the titers of the cercarial precipitate reactions 
and the cercarial agglutination reactions are 
also shown. The titers of the cercarial ag- 
glutination reactions are from data previously 
collected by Liu and Bang(6) on these sera, 
but the data on the precipitate formation 
were obtained from new experiments. 


ce 
“sie 


Sera from 2 monkeys infected 5% years 


previously with S. japonica showed a pos- 
itive reaction at a dilution of 1/10. All 
tests utilizing normal monkey, normal ham- 
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ster, and normal human serum were negative, 
but one serum from a proven case of trichino- 
sis in man was positive at a dilution of 1/20. 

Discussion. The role of this immobilization 
reaction in the pathogenesis of S. mansoni 
infection is unknown. It is possible that it 
bears some relationship to the ray-like struc- 
tures surrounding the eggs imbedded in tissue 
as described by Hoeppli and Li(7). 

The time of appearance of the factor in the 
blood indicates that a possible major stimulus 
for its production is the initial deposition of 
eges. Egg laying activity begins between the 
27th and the 34th day of infection with 
S. japonica(8) and presumably during the 
same period in S. mansoni infection. The ap- 
plication of this reaction to studies in man 
remains to be made. Its possible use in the 
diagnosis of chronic infections is suggested by 
the positive reactions in monkeys infected for 
51% years. 

Summary. Miracidia of S. mansoni were 
promptly immobilized when placed in heated 
sera of hamsters and monkeys infected with 
this parasite. No immobilization occurred in 
sera from non-infected animals. The factor 
developed early in the infection and was still 


Influence of Parathyroid Extract on Citric Acid of the Serum. 


present in the sera of monkeys which had been 
infected with S. japonica 5% years pre- 
viously. The immobilization of the mira- 
cidium appears to result from immobilization 
of the cilia. Cilia immobilization became less 
complete in high dilutions of serum and was 
usually confined to specific areas of the 
miracidium. 


Since this work was done the author has become 
aware of an abstract by Hiyashi who reported to 
the Japanese Parasitology meeting in Kyoto in 
1950 (Abstract 101) that he had found immobiliza- 
tion of miracidia from the sera of infected animals. 
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Maurice V. L’HEuREUXx AND GILBERT J. Rorn (Introduced by M. B. Williamson.) 
From the Department of Biochemistry, Graduate Schoo! and The Stritch School of Medicine, 
Loyola University, Chicago, Ill. 


It has long been recognized that the para- 
thyroid glands are intimately concerned with 
the metabolism of calcium and phosphorus. 
In recent years, evidence has accumulated for 
considering the possibility that the active 
secretion may influence the metabolism of 
citrate as well. An early observation is that 
of Sjéstr6m(1) who reported that increased 
parathyroid function produces a correspond- 
ing increase in the citric acid content of the 
blood. A rough parallelism has been observed 
between urinary excretion of calcium and of 
citrate in a patient with hyperparathyroidism 
and in a subject with hypoparathyroidism 
given parathyroid extract(2). | Alwall(3) 


demonstrated concomitant increases in serum 
calcium and serum citric acid following intra- 
muscular injection of parathyroid extract into 
dogs. The injection of parathyroid extract 
into puppies has been noted to increase the 
citrate content of bone(4). Repeated sub- 
cutaneous injections of citrate into puppies 
lead to osseous changes very similar to those 
produced by large doses of parathyroid ex- 
tract(5). Freeman and Chang(6) observed, 
without exception, a decline in both serum 
calcium and serum citric acid levels following 
thyroparathyroidectomy in dogs. It thus ap- 
pears that changes in the level of serum cal- 
cium referable to the involvement of the para- 
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thyroid glands are associated with parallel 
changes in the citrate concentration, and that 
the metabolism of citrate is interrelated with 
other physiological effects of the parathyroid 
hormone. 

In this report are presented observations 
on the influence of parathyroid extract on the 
serum citric acid of normal and thyropara- 
thyroidectomized rats. The work was under- 
taken to explore the extent of the response 
to varying doses of parathyroid extract and 
the possibility that the dose-response relation- 
ship be of such a character as to provide the 
basis of a method to estimate the activity of 
parathyroid hormone preparations. 

Materials and methods. Young adult fe- 
male rats of the Sprague-Dawley strain main- 
tained on Purina rat chow pellets were used. 
In all experiments, involving a 9-hour experi- 
mental period or less, the animals were pre- 
viously fasted for a period of 16 to 18 hours. 
In those instances in which the animals were 
studied for 18 hours, food was removed from 
the cages 6 to 8 hours before the experiment 
was begun to insure that the post-absorptive 
state would be attained. Thyroparathyroid- 
ectomy was carried out on fed animals ap- 
proximately 24 hours prior to the experi- 
mental period. Only water was allowed to all 
animals during the period of observation. 
Studies were made employing 3 different 
routes of injection: subcutaneous, intraperi- 
toneal, and intravenous via the external 
jugular vein. Blood samples were obtained 
by cardiac puncture. Parathyroid extract 
(Lilly) * was used as a standard preparation 
throughout the experiments. For doses of 
less than 100 U.S.P. units, the extract was 
diluted with 0.9% sodium chloride solution 
so that, with the exception of those animals 
receiving 200 units, the volume injected was 
1.0 ml. The method of Natelson, Pincus, and 
Lugovoy(7) was employed for the micro- 
estimation of serum citric acid. Isooctane 
(Phillips) was employed for the extraction of 
the pentabromoacetone. The optical density 
readings were made with a Coleman Model 11 
Universal Spectrophotometer at 445 my, 


*The authors thank Mr. Boyce Thompson and 
the Eli Lilly Co. for the generous contribution of 
some of the parathyroid extract used in this study. 


using rectangular cuvettes with a 4.0 cm light 
absorption path. The cuvette holder was a 
shielded side carrier modified for use with 
the small volume of fluid available for 
analysis.t For the analysis of serum calcium, 
the micro method of Rappaport and Rappa- 
port(8) as modified by Biering(9) was em- 
ployed. 

Results and discussion. The subcutaneous 
injection of 50, 100 and 200 units of para- 
thyroid extract resulted in definite increases 
in the serum citric acid level within 18 hours 
after administration. The major increment 
of this response appears to be elicited no 
earlier than 9 hours subsequent to the ad- 
ministration of the extract. In this respect, 
the time-response relationship is quite similar 
to that reported by many investigators for 
serum calcium(10). The administration of 200 
units was no more effective in influencing the 
serum citrate levels than was 100 units under 
these conditions. The expectation that intra- 
peritoneal’ and intravenous injections might 
lead to more consistently positive response 
was not realized in exploratory trials. 

Since it 1s a generally accepted view that 
relatively smaller amounts of the hormone 
are required to maintain normal serum cal- 
cium levels in the thyroparathyroidectomized 
animals than are required to obtain increases 
in the serum calcium level in normal animals, 
attention was directed to the use of operated 
animals. The responses of thyroparathyroid- 
ectomized female rats 18 hours after the sub- 
cutaneous injection of 25, 50, and 100 units 
are shown in Table I. The greatest degree of 
uniformity and the most sensitive response to 
the injected dose was found under the experi- 
mental conditions of this study. The mean 
initial level of serum calcium 24 hours sub- 
sequent to bilateral thyroparathyroidectomy 
was 7.2 mg %. This value is in agreement 
with that given by Tweedy and Chandler(11) 
in their study correlating complete parathy- 
roid extirpation with the drop in serum cal- 
cium level. 

The responses to subcutaneous injections 
of graded doses of the extract are similar in 


t We are grateful to Mr. Walter C. Burfischer of 
the Wilkens-Anderson Co. for his time and effort 
in the design of this carrier. 
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TABLE I. Effect of Graded Doses of Parathyroid Extract on Serum Calcium and Serum Citric 
Acid of Thyroparathyroidectomized Rat 18 Hours after Subcutaneous Injection. 


Serum calcium 


—, ——— Serum citrie acid————_, 


Dose No. of Mean initial Mean* change Meaninitial Mean* response 
units observations level (mg %) (mg %) level (mg %) (mg %) 
25 ff 4.07 +1.33 + .28 
50 6 6.9 Sore eate a0) 4,70 +3.33 + .35 
100 6 Tel +4.3 + .37 4.88 +2.84 + .30 


* Mean + stand. error of the mean. 


the normal and _ thyroparathyroidectomized 
rat in that there is observed in both groups a 
rise in serum citrate to a maximum after 
which the administration of larger doses does 
not produce an increased response. In both 
groups, the maximal level to which the serum 
citrate rises was found to be very similar. 
However, the dose levels at which the phe- 
-homenon occurs is different in the 2 groups 
of animals. Thyroparathyroidectomized rats 
respond maximally to the administration of 
only 50 units, whereas normal animals respond 
maximally to 100 units. It is also observed 
‘from Table I that the operated animal is sen- 
Sitive to the injection of 25 units. No special 
significance can be assigned at this time to the 
differences in serum calcium at the 2-dose 
levels of 50 and 100 units. The mean pre- 
injection levels of serum citrate in all the 
thyroparathyroidectomized rats used in this 
work (4.49 mg %) is significantly lower than 
that observed in all normal animals (6.75 mg 
%). There was also observed in the operated 
animals less variability between individual 
pre-injection levels and post-injection levels 
at a given dose than in normal animals after 
the administration of the same amount of 
extract. 

Although influences exerted by parathyroid 
extract injections on serum citric acid levels 
in both normal and _ thyroparathyroidecto- 
mized animals are definite, these experiments 
do not of themselves fully define the quanti- 
tative nature of the observed response. From 
dose-response data accumulated on_ the 
operated animals, a linear relationship appears 
likely between 0 and 50 units. However, the 
experiences of this study lead to the con- 
clusion that the use of serum citrate re- 
sponses in the rat would offer no advantage 
over existent methods in assessing the po- 
tency of parathyroid hormone preparations. 


As concerns the source of the increased 
citrate observed following injections of para- 
thyroid extract no satisfactory explanation can 
be given. The discovery by Dickens(4) of 
considerable stores of citrate in bone would 
suggest that the blood changes after para- 
thyroid extract injections or parathyroid ex- 
tirpation reflect differences in the degree to 
which this substance is mobilized from bone. 


Summary. The subcutaneous injection of 
parathyroid extract into normal and _ thyro- 
parathyroidectomized rats results in definite 
increases in the serum citric acid level. Dose- 
response data indicate that the rise in serum 
citrate varies with the dose of the extract, the 
route of the injection and the period of ob- 
servation. The level of serum citrate of thyro- 
parathyroidectomized rats was found to be 
significantly lower than that of normal ani- 
mals. Increased sensitivity and greater uni- 
formity of response to the injected dose was 
observed in the operated animals as compared 
to normal animals. 
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Propagation of a Strain of Egg-Adapted Distemper Virus in Suckling Mice.* 
(20525) 
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From the Departments of Veterinary Science and Bacteriology, College of Agriculture, 
University of Wisconsin, Madison. 


Several workers have adapted the canine 
distemper virus to growth on the chorioallan- 
toic membrane (CAM) of the embryonating 
egg(1-4). Its continued passage in the egg 
has resulted in a gradual loss of pathogenicity 
for naturally susceptible species. Simultane- 
ous retention of the antigenicity and immuno- 
genicity of the virus have led to its use as a 
vaccine(3,5). 

Serial passage of an egg-adapted strain of 
distemper virus in suckling mice was accom- 
plished in this laboratory recently. Two lines 
of virus were propagated by intracerebral in- 
oculation through 18 and 10 passages, re- 
spectively. Nervous signs of moderate degree 
which were apparent in a small proportion of 
mice of the first passage of each line became 
quite pronounced and prevalent with subse- 
quent passages. 

Materials and methods. The FXNO strain 
of egg-adapted distemper virus was used in 
this study. This strain, originally isolated 
from infected fox spleens(4), was carried 
through 80 egg passages in this laboratory. 
By the 45th passage, the virus induced small, 
widely scattered, opaque, papuloid areas of 
the CAM. Fiftieth egg passage tissues elicited 
only a mild infection in ferrets. After re- 
covery these animals were immune to chal- 
lenge with virulent distemper virus(6). A 
Rockefeller line of Swiss albino mice originat- 
ing from Carworth Farms stock served as the 
host. Mice varying in age from 1 to 4 
days were inoculated intracerebrally in the 
right hemisphere with 0.01 ml quantities of 
inoculum. Infected chorioallantoic mem- 
branes, ground and centrifuged for 10 minutes 
at 2500 rpm in an International centrifuge 
furnished the supernatant fluids used as in- 


* Published with the approval of the Director of 
the Wisc. Agric. Exper. Station. This work was a 
part of Project 614 of the Wisc. Agric. Exper. Station, 
paper no. NS 143 of the Department of Veterinary 
Science. 


oculum for the initial passage. Twenty per- 
cent suspensions of infected brains in tryptone 
broth were centrifuged similarly and used for 
all subsequent passages. For titrations, 10- 
fold serial dilutions were made in tryptone 
broth. Mice with definite nervous signs were 
killed with ether and stored in a deep freeze 
at —20°C. Hyperimmune sera collected from 
ferrets after vaccination with the FXNO 
strain and subsequent challenge with virulent 
virus (Delavan strain) were used in virus 
neutralization experiments. Sera collected 
from ferrets which had not had previous ex- 
perience with the distemper virus served for 
control purposes. All sera were heated at 60°C 
for 30 minutes just prior to use. The Delavan 
strain of virulent distemper virus used for 
challenge exposure of ferrets was obtained by 
Dr. John R. Gorham from a natural outbreak 
of distemper on a mink ranch near Delavan, 
Wis. Ten or 11 days after inoculation of 
ferrets with this strain, the skin of the abdo- 
men and the chin became reddened. By the 
13th day, a purulent exudate of the eyes was 
present and the eyelids became pasted to- 
gether. The appetite was gradually lost; 
the animals became sluggish and died in 24 to 
30 days. It was not uncommon for those 
surviving longer than 24 days to show nervous 
signs. 

Mouse passages. Line 1, now in its 18th 
mouse passage, was initiated from the 65th 
egg passage of the FXNO strain. Line 2 
originated from the 75th egg passage and is 
now in its 10th passage in suckling mice. The 
observations of the passages of both lines are 
summarized in Table I. Hyperkinesis was 
the most striking sign in the early passages 
of both lines. This manifestation, rapid run- 
ning and jumping at the sides of the cages, 
persisted for 2 to 3 days at which time the 
mice were sacrificed for further passage of 
the virus. By the 8th passage ataxia, as well 


as hyperkinesis, was observed on the 4th day 


DISTEMPER VIRUS IN SUCKLING MICE 


11 


TABLE I. Intracerebral Passage of 2 Lines of FXNO Distemper Virus in Suckling Mice. 
a LN ELCEe an 


Time in days after inocu- 


No. affeeted/ lation until appearance 


Passage Age of mice in days No. inoculated of nervous signs 

No. Line 1 Line 2 Line 1 Line 2 Line 1 Line 2 

1 tL 3 2/8 1/11 8 15 

2 3 4 6/6 5/9 6 13 

3 2 4 2/11 4/8 7 i 

4 3 3 6/7 5/6 5 5 

5 3 2 9/10 6/6 4 6 

6 4 3 9/9 8/8 4 5 
10 4 4 9/9 5/7 3 4 
18 3 — 8/8 — 3 = 


after inoculation and was succeeded rapidly 
by muscular twitching, disequilibrium, paresis, 
and clonic spasms. With the 10th passage, 
nervous signs appeared in 3 days with Line 
1 and in 4 days with Line 2. Deaths occurred 
within 5 to 8 days of inoculation. The LD;o 
titer/g of infected brain material gradually 
increased with passage. The approximate 
LD; titers for the 5th, 10th, and 16th pas- 
sages of Line 1 were 10%, 10*°, and 10°, 
- respectively. 


Infectivity of mouse-passaged virus for 


embryonating eggs. Twenty percent suspen- 
sions of brain material from the 5th, 6th, and 
11th passages, respectively, of Line 1, when 
ground in tryptone broth containing penicillin 
and streptomycin (1000 units and 1000 yg 
per ml, respectively), and inoculated onto the 
CAM of 7-day eggs, produced lesions typical 
of the original FXNO strain. In each case, 
the area of CAM affected was slight so that a 
repassage was necessary to produce prominent 
lesions. 

Immunizing effect on ferrets. Seven 4- 
month-old ferrets not previously exposed to 
the distemper virus were inoculated intraperi- 
toneally with one ml quantities of 20% sus- 
pensions in tryptone broth of the following: 
brains of normal mice into 2 ferrets, brains of 
mice infected with the 6th mouse passaged 
FXNO strain, Line 1, into 3 ferrets, and 
chorioallantoic membranes infected with the 
original FXNO strain into 2 ferrets. Clinical 
signs of infection did not develop in any of 
the ferrets during the subsequent 3 weeks. At 
this time the 7 ferrets and 2 additional ones 
received an injection of distemper virus of 
the Delavan strain. The ferrets which had 
received the infected chorioallantoic mem- 


branes or the infected mouse brains did not 
show clinical signs of disease during the 3-— 
month observation period following challenge 
with the virulent Delavan virus. The ferrets 
previously injected with normal mouse brain 
as well as the untreated controls exhibited the 
typical clinical signs of distemper in this 
species. Ferret protection tests indicated 
that after 6 intracerebral passages in mice, 
Line 1 had retained the immunogenicity of 
the original egg-adapted virus for ferrets 
against clinical distemper. Since the virus titer 
of the fluid expressed from chorioallantoic 
membranes infected with the FXNO strain 
is approximately 10° to 10* IDs» per ml, it is 
not likely that a sufficient quantity of the 
original virus may have been carried through 
6 passages in mice to bring about the protec- 
tion indicated. 

Neutralization tests. Attempts to evaluate 
the neutralizing activity of the ferret sera by 
intracerebral inoculation of the serum-virus 
mixtures in suckling mice have yielded equivo- 
cal results. However, a modification of the 
technic of Belcher(6) employing the CAM of 
7-day embryonating eggs as the test tissue has 
given definite results. A tryptone broth sus- 
pension of virus from the 11th mouse passage, 
after 2 subsequent passages in eggs, was used 
as inoculum. This suspension contained ap- 
proximately 1000 ID; 9 per ml. Immune 
serum dilutions of 1-4 to 1-64 were admixed 
with equal aliquots of inoculum and 0.2 ml 
quantities injected into 4 eggs per dilution. 
A mixture of virus and non-immune ferret 
serum was employed as a control for the ex- 
periment. The results are shown in Table II. 

The hyperimmune serum pool completely 
inhibited the formation of lesions of the CAM 
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TABLE II. In ovo Neutralization of 100 Embryo 
ID; of Mouse-Brain-Propagated, Distemper Virus 
by Distemper Immune Serum. 


Finalserum Normal Immune 
dilutions serum serum 
1-8 4/4* 0/4 
1-16 a3; 23 
1-32 ” ” 
1-64 — 1/4 
1-128 — - 


* No. egg membranes showing lesions/No. inoe. 


in dilutions as high as 1-32 while normal 
serum had no observable neutralizing effect. 
Summary. Two separate lines of the FXNO 
strain of egg-adapted canine distemper virus 
were passed intracerebrally in suckling mice 
18 and 10 times, respectively. Both lines in- 
duced signs of protracted hyperkinesis. After 
the 7th passage central nervous system in- 
volvement became quite prominent and severe. 
Ataxia, muscular twitching, disequilibrium, 
paresis, and clonic spasms were common mani- 
festations. The time of the first nervous dis- 
turbance decreased progressively from 8 days 
to 3 days in Line 1 and from 15 days to 4 days 
in Line 2. Jn ovo neutralization tests and 
ferret protection tests establish the identity of 


the mouse passaged agent with the original 
egg-adapted FXNO strain. 


Comment. While this manuscript was in 


preparation, a Lederle strain of avianized dis- | 


temper virus (Lederle Distemper Vaccine 


Mink Serial No. 6368-17A) was passaged 6 — 


times in suckling mice with results in agree- 
ment with those reported for the FXNO 
strain. This would suggest the lack of strain 
specificity in the mouse adaptability of the 
avianized distemper virus. 
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In addition to the conventional taxonomic 
methods, various types of differentiating pro- 
cedures have been employed in attempts to 
distinguish between closely related species of 
mosquitoes. The Culex pipiens complex in 
this country, for example, has been studied 
through cross-breeding experiments, tempera- 
ture responses, susceptibility to parasitic in- 
fections as well as immunologically(1). Such 


* This investigation was supported in part by a 
contract with the USAF School of Aviation Medicine, 
Randolph Field, Texas; and a grant from the 
National Institutes of Health, Microbiological Insti- 
tute, Public Health Service. 


investigations have been made in the search 
for distinguishing characteristics whereby the 
exact relationship between morphologically 
similar species might be determined. These 
biological tools, however, are very time-con- 
suming and might well be supplemented by 
other methods. Until recently, no attempt 
was made to employ biochemical procedures 
as a means of comparing mosquito species. 
The first step in this direction was made by 
Micks and Ellis(2) in which the free amino 
acids of 7 species of mosquitoes were analyzed 
by paper chromatography. Certain quantita- 
tive differences were found between the 


nuicaioed 
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various genera of mosquitoes used, while such 
differences between the species of a single 
genus were less marked. 

In searching for a more precise method for 
comparing biochemical constituents, it was 
decided to use infrared spectrophotometry. 
The use of this method for the analysis of 
proteins and complex biological substances 
has been extended in recent years(3-11). 
Concomitant with this development, the po- 
tential utility of infrared spectra for the iden- 
tification of naturally occurring substances has 
been indicated, notably among which has been 
the identification of bacteria(7,11). This re- 
port represents the initial studies in the appli- 
cation of this technic to the identification of 
mosquito extracts. 

Materials and methods. The mosquitoes 
used were Culex quinquefasciatus, Culex mo- 
lestus (autogenous) and Aedes aegypti, all of 
which were maintained as laboratory colonies. 
The larvae were fed a standard diet of finely 
powdered dog chow. Unfed, adult female 
- mosquitoes were allowed to emerge in lantern 
chimneys and all batches were approximately 
the same age when used (24-48 hours). They 
were anesthetized with chloroform and imme- 
diately weighed, after which they were trans- 
ferred to a tissue grinder and homogenized in 
distilled water (2 ml per 125 mg of mosqui- 
toes). The material was centrifuged at 5000 
RPM for 15 minutes and the supernatant 
retained. This procedure was repeated twice, 
resulting in a supernate free of visible sus- 
pended material. Two tenths of a milliliter of 
the aqueous extract was spread evenly over 
the surface of a silver chloride plate. The 
material was applied in the shape of the 
aperture of the liquid micro-cell which was 
adapted to hold a one-inch square silver 
chloride plate. The area of the preparation 
was slightly larger than the aperture so that 
the sample completely filled the optical path. 
The specimens were dried slowly at 37°C and 
analyzed within 24 hours after preparation. 
The infrared absorption spectra from 2-16 pu 
were determined with a Baird double-beam 
recording instrument equipped with a sodium 
chloride prism. 

Results. It was necessary to establish the 
reproducibility of the method used for the 
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preparation of the extracts. Fig. 1 presents 
the spectra of 4 different batches of C. mo- 
lestus extracts. These spectra were found to 
be qualitatively reproducible, thus making it 
possible to detect the subtle differences that 
existed among extracts of the different species 
of mosquitoes studied. Although it has not 
been possible to reproduce with complete ac- 
curacy the quantity of absorbing material 
which probably accounted for the variation in 
the amount of light scattering, it would appear 
that this difficulty is also inherent in various 
other complex systems. This has been re- 
ported by Stevenson and Bolduan(7) with 
bacteria and observed by Benedict and Pol- 
lard(12) with virus preparations. Neverthe- 
less, the quality of the films was judged by the 
same criteria as reported by Stevenson and 
Bolduan(7) namely, the use of the maximum 
transmission values at 5.5 and the minimum 
value at 6.1 p. 
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Fig. 2 shows the spectra of aqueous extracts 
of C. molestus, C. quinquefasciatus, and A. 
aegypti within the most informative range 
(6-13 »). Although the same major absorp- 
tion bands were observed, sufficiently con- 
sistent differences made possible the identi- 
fication of these mosquitoes. The most im- 
portant differences were the relative intensi- 
ties of the peaks at about 6.95 and 7.2 u, and 
the relative depth and shape of the broad 
band from about 8.6 to 10 ». In one instance, 
a preparation was made using C. molestus 
males and the resulting absorption bands were 
indistinguishable from those of the females of 
this species. 

Six weeks storage of the smeared silver 
chloride plates at room temperature rendered 
certain changes in the spectra. There was a 
loss of considerable definition of the band 
from 8.5 to 10 pu. 

Discussion. The data given in this report 
indicate that infrared spectrophotometry is 
a simple and rapid method for the identifica- 
tion of the mosquito extracts studied. More- 
over, sufficient differences existed among the 
species used to indicate that specific identifica- 
tion by this method is possible. It is interest- 
ing to note that the biochemical identity of 
mosquitoes may not follow the classical taxo- 
nomic pattern. For example, the extracts of 
C. molestus demonstrated absorption bands 
more similar to those of A. aegypti than those 
from a mosquito of the same genus (C. quin- 
quefasciatus). It seems obvious, however, 
that no conclusions can be drawn at the 
present time regarding this point. 

The characteristics of the spectra were not 
a function of concentration since it was ob- 
served that by titrating C. molestus and 
C. quinquefasciatus extracts the qualitative 
shapes of the curves did not change although 
the intensities of the bands decreased propor- 
tionately with dilution. The crude aqueous 


extracts were satisfactory for analysis, how- 
ever, it may well be that further processing 
will yield preparations exhibiting even greater 
differences, thereby facilitating the infrared 
analysis. The utility of this method for the 
identification of other genera and species of 
mosquitoes is being investigated and will be 
the subject of another report. 


Summary. Crude aqueous extracts of Culex 
molestus, Culex quinquefasciatus, and Aedes 
aegypti adult mosquitoes were identified by 
infrared spectrophotometry. The most im- 
portant differences were the relative intensi- 
ties of the peaks at about 6.95 and 7.2 , and 
the relative depth and shape of the broad 
band from about 8.6 to 10 p. 
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Renal Response to Hypercapnia.* (20527) 
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The role of the kidney in aiding in the 
readjustment of disturbances in acid-base 
balance created by respiratory acidosis has 
until recently received little attention(1-3). 
In diffusion respiration, characterized by pro- 
gressive increase in blood COs concentration 
and decreased blood pH, significant and some- 
times profound alterations in renal function 
occur. Among these are oliguria and de- 
creased urinary pH(4-8). Hypercapnia also 
induces a decrease in sodium, chloride, bicar- 
bonate, and potassium excretion with simul- 
taneous increase in the excretion of ammonia 
and phosphate(1-4,9). 

The inference has been made that the 
oliguria results from direct or indirect action 
of COs on the renal vasculature, presumably 
causing reduction of glomerular filtration 
' rate(5,9,10). The question, therefore, arises 
as to whether the alterations in electrolyte 
excretion are due to direct tubular action or 
are actually due to changes in glomerular 
filtration rate which may accompany respira- 
tory acidosis. It therefore appeared ex- 
pedient to investigate the renal circulatory 
changes which occurred under conditions of 
progressive hypercapnia. This was done with 
the use of standard renal clearance procedures 
in dogs. Concomitant observations were 
made on blood COs, content, urinary pH, urin- 
ary volume, and excretion of sodium and 
potassium. 

Methods. Experiments were conducted un- 
der sodium pentobarbital anesthesia (30 
mg/kg, given intravenously). Following nec- 
essary surgical procedures, an intravenous sus- 
taining solution containing creatinine, PAH, 
and mannitol, the last as a 10% solution, was 
delivered at a rate of 1.2 to 2 ml/min. Suita- 


* This investigation was supported by a research 
grant from the National Heart Institute, of the 
National Institutes of Health, Public Health Service. 

t An investigation conducted in partial fulfillment 
of the requirements Phase I of the Medical Cur- 
riculum of Western Reserve University School of 
Medicine. 


ble priming doses were given initially. Urine 
was collected for 2 consecutive 10-minute 
periods during a control stage, 4 stages during 
rebreathing, and 2 recovery stages. A 20- 
minute discard period preceded each stage. 
Arterial blood samples were collected at 30- 
minute intervals throughout the experiment 
beginning in the first urine collection period. 
Plasma concentrations used were obtained by . 
interpolation of the plotted data. In order to 
produce a progressive hypercapnia, the dogs 
were rebreathed from a segment spirometer 
(11) which had been flushed with pure O» 
to prevent hypoxia. This was attached to a 
tracheal cannula immediately following the 
second control urine collection. The animal 
respired from the spirometer for 20 minutes 
before the experimental urine samples were 
collected. With continued rebreathing the 
COs content of the spirometer gas was pro- 
gressively elevated during the 4 stages of 
hypercapnia. The spirometer was then dis- 
connected and the animal allowed to breathe 
room air for 20 minutes before the recovery 
stages were observed. Six consecutive anal- 
yses of CO. and Os were made on spirometer 
gas during the rebreathing, using a Hender- 
son-Morris apparatus(12). The CO: content 
of the arterial blood was determined in 6 of 
the experiments with the Van Slyke appara- 
tus(13) on samples drawn during the control, 
second, fourth, and recovery stages. Hema- 
tocrit determinations were made on alternate 
blood samples. Urine and plasma sodium and 
potassium were measured with an internal 
standard flame photometer. Urine pH was 
determined on each sample with a Leeds and 
Northrup pH meter. The alkaline picrate 
method was used to analyze the plasma so- 
dium tungstate filtrates and the urine for 
creatinine. The method of Smith(14) was 
used for the PAH analysis of urine and the 
plasma cadium sulfate filtrates. 

Results. The results were obtained on 8 
animals, but for technical reasons all measure- 
ments were not made in every experiment. 
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Rebreathing caused the CO, content of the 
spirometer gas to increase progressively to an 
average of 16.8% (range 13.5-19.9) during 
Stage 4. Paralleling the increase in the COs 
concentration of the inspired air was a marked 
‘increase in respiratory rate and respiratory 
minute volume, and a decrease in heart rate. 
Hyperventilation was observed to continue 
for a time after the return to room air; then 
respiration gradually became slow and shallow 
during the later recovery periods. 

Mild hypercapnia appeared to have little 
effect on blood pressure; however, as hyper- 
capnia became more severe, it decreased to a 
level approximately 10% below the control 
average of 149 mm Hg (range, 138-162). 
During recovery, blood pressure increased 
slightly but, like heart rate, did not reach 
control level. 

To simplify the presentation of the effects 
of hypercapnia on renal hemodynamics, a 
typical experiment has been chosen for de- 
tailed consideration as representative of the 
over-all data (Fig. 1). At the beginning of 
the experiment, blood pressure was 150 mm 
Hg of mercury; it decreased during the second 
stage, when it averaged 142 mm; then finally 
declined to 135 mm during maximal hyper- 


capnia. Blood pressure was restored to 144 
mm on return to room air. Very little change 
in renal blood flow occurred until the later 
stages of hypercapnia; during Stage 4 it de- 
creased from 275 ml/min. to 230 ml/min. 
Levels at or slightly above control values 
were reached during recovery. Renal resist- 
ance tended to remain constant during the 
first stage of hypercapnia, but decreased 
slightly during Stages 2 and 3. During Stage 
4 there was a trend toward increased resistance 
which did not, however, persist during the 
subsequent recovery periods. 

Glomerular filtration rate, as measured by 
creatinine clearance, exhibited a progressive 
slight tendency to decrease. During recovery 
it returned to near control levels. The filtra- 
tion fraction in this experiment showed a de- 
crease in the Stages 1, 2, and 3. However, 
during Stage 3, when renal resistance in- 
creased, the filtration fraction also increased. 

The data on renal hemodynamics for all 8 
dogs are shown in Fig. 2. The values, as 
ratios to the control average, are related to 
COz content of the inspired air. The over-all 
effect on renal blood flow, in the range of COz 
content of inspired air observed, did not ap- 
pear to be significant. 
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FIG. 3. Filtration rate and FF changes as related to CO, content of the inspired air. 


The over-all trend of filtration rate is shown 
in Fig. 3. It can be seen that there existed a 
small downward trend. The filtration frac- 
tion, considering the group as a whole, re- 
vealed no consistent change. 

Urinary pH declined steadily during hyper- 
capnia to an average of 6.2 (range, 5.75-6.7) 
during Stage 4 from a control average of 7.3. 
This decrease was related to a progressive 
increase in arterial blood CO. content from 
35 volume % during the control period to an 
average of 52.8 at the peak effect, then to 
32.2 volume % during the recovery stages at 
which time urinary pH rose to 7.50. Plasma 
sodium concentration increased slightly (7.4 
mEq/L) above the control average of 137 
mEq/L, and plasma potassium increased 1.27 
mEq/L (control average, 3.53 mEq/L) dur- 
ing hypercapnia. 

Changes in electrolyte excretion are pre- 
sented in Fig. 4 as deviations from the control 


average. The average control value for so- 
dium excretion was 0.174 mEq/min. (range, 
0.016 to 0.369), and for potassium 0.056 
mEq/min. (range, 0.036 to 0.108). A down- 
ward course in sodium excretion is apparent 
in these experiments, with an average ratio 
to control of 0.355 in Stage 4. An interesting 
finding was an increase in the excretion during 
the recovery periods to values as high as 4.7 
times the control rate in one experiment and 
averaging 1.12 in all experiments. It is evi- 
dent. from the figure that potassium excretion 
exhibited a similar trend. In Stage 4, ex- 
cretion averaged 0.70 of control and rose to 
1.94 during recovery.t 

The urine volume increased and remained 
consistently above the control volume 
throughout hypercapnia. During recovery 
the urine volume tended to increase to an 
even higher level. However, no significance 
can be attached to this observation since 
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FIG. 4. Changes in electrolyte excretion resulting from hypercapnia, given as percentage of 
control related to % CO, in the inspired air. 


mannitol, acting as an osmotic diuretic, was 
constantly infused. Its action would tend to 
interfere with any alterations in water reab- 
sorption due to hypercapnia; therefore, no 
further consideration of the changes in urine 
volume can be made. 


Discussion. Fig. 3 reveals that there is a 
tendency for filtration rate to decrease during 
the period of hypercapnia in all dogs but 
one. Although the magnitude of the decrease 
is too small to claim significance in individual 
animals, the consistency of the trend strongly 
suggests that the alteration is real and worthy 
of consideration. In this connection it has 
been conclusively demonstrated that small re- 
ductions in glomerular filtration rate, resulting 
in minimal decreases in load, can cause elec- 
trolyte excretion to diminish(15,16). . Ap- 


t One experiment was atypical with regard to 
effects on electrolyte excretion, and was therefore 
not included in Fig. 4. The excretion of sodium 
and potassium increased in this animal and did not 
show a characteristic decline during hypercapnia. 
Perhaps bearing on this effect was the fact that 
filtration rate increased to 15% above the control 
level and remained elevated throughout the course 
of the experiment. 


parently, with a decreased load, sodium and 
potassium excretion are reduced because of 
more efficient reabsorption of the filtered elec- 
trolyte. One must therefore be cautious of 
accepting the present data as proving that the 
reduced electrolyte excretion is solely the 
result of altered renal tubular mechanisms. 
Nevertheless, certain of the experiments do 
suggest that hypercapnia has an additional 
direct effect upon the tubular cells which in- 
fluence their reabsorptive and secretory func- 
tions. An example is presented in Table I. 
During hypercapnia the percentage of load 
reabsorbed is increased and excretion dimin- 
ished in periods 8, 9, and 10 despite no de- 
crease in load. Note that potassium excretion 
diminishes during periods 7 to 10 despite 
actual increases in load. 

In another experiment (solid squares in 


ae 


<n iste 


Fig. 3 and 4) the filtration rate increased — 


19% at 7.2% COs, but the sodium excretion 
decreased 21%. 
excretion was also diminished somewhat. 
These findings show that in respiratory 
acidosis increased sodium reabsorption may 
be stimulated as a part of a base Conserving 
mechanism by the kidneys, as demonstrated 


In this experiment potassium — 


19 


HYPERCAPNIA AND RENAL FUNCTION 


TOT’ Godoee oe RAC Oa aye 6G00" 


OL L 0° FL 
ELE 990° ols ¢c00° OL L €T 
vrL $90" €&s° LG00° 6G°L 0° 6L 
COL 040° 5 916° 6S00° Ge, ELS ie 
z £19A0904 
960° 810° LIS 0900° Go'9 6 GG 69ST OT 
€60° 9TO° CFS 100° FL9 6 
9T0° GTO’ 808° FS00° FL 9 €6 TL 8 
GTO" CTO" 86 FS00° coo L 
SFO $30 FOG" 0S00° G39 6 &P 69'8 9 
Goo’ $60" LG 8F00° G69 G 
LS0° F60 66L° 6F00" Ga L $'¢ 4 
9S0° FO" 606" T¥00° OL € 
vrudeotod «Fy 
F0" 830° 6LT° 0700" Oates Uae Rencrce 0" g 
C0" 620" 99T° 0F00° Se wl I 
: yorymon 
WINTSSv}O J 
8°86 GLG €90° ei LEO" 18's 0'8E 9cT OLL 0° FL 
6°86 CLG FSO" Lat. 660° 08's L8é OST OL L §T 
186 GEG 990° 66 0€0° 6S'g OTF 0&T 69°L 0° él 
6 66 90°9 090° £G 960° 69 OLE O€L GGL [Ee Tr 
A19A0004 
1°66 SFG FO" CT 9T0° 0g'g VIF sly C69 6 Gg 69ST OT 
1°66 09S L10° FT 6L0° 69'S 6 GV S Sil FL9 6 
1°66 L0° GLO ji TLO’ 80°¢ 9°8¢ GEL FL9 66°TT 8 
9°66 LF SHO} OT €10° 6L'F LGE€ OSL. Go'9 L 
€°66 Té’S aaun 61 €60° GEG 6 0F er G89 6 SF 69°8 9 
186 GLG 690° £6 0€0° 68g GGT 86l G69 Gg 
C86 GGG 480° VSG 9¢0° $9'G USP C6 Go L Cae F 
9°86 89 680" V6 FE0° 969 € 6F LoL Orel g 
erudeo1od AFT 
186 PVG 6S0° OT LEO 0g’ an aiid Pol Qeal ae yee 0° G 
£66 FOG 660° CT 960° 80°S VIP 66 Ce aek ia T 
[O.14m0D 
wnrtposg 
poq.tosqe peq.tosqr “area /bry ut area /bop ut pur/beput ura /ba ut “aru / Tut pot/boput fd % /{Or Ay /[OA potted 
-01 % -o.l JU SAC AY cy ‘peory “TD vehi AxeULI QD ‘ire paatds 
[CltopLy UE OO 


‘UOMatoxm oyApore,q uo vradvorodAy JO oouONpUT SurMOYY Juowriedxm oaTyrquosertdoy VW “T ATV 


20 HYPERCAPNIA AND RENAL FUNCTION 


for metabolic acidosis(17,18). 

Concomitant with the reduction in urinary 
sodium and potassium excretion there is in- 
creased hydrogen ion secretion. Presumptive 
proof of this is the decreasing urinary pH 
during hypercapnia. Hydrogen ions are se- 
creted in the tubular lumen in increased 
amounts because of the elevated concentration 
of H+ in the blood and tubular cells. Simul- 
taneously, the tubular cells reabsorb sodium 
more efficiently. The fact that potassium ex- 
cretion is reduced suggests that H* secretion 
proceeds in preference to K+ secretion in the 
ion exchange mechanism(19). 

The increased plasma potassium concentra- 
tion during hypercapnia may be the result of 
mobilization of this ion from intracellular 
compartments. Renal retention of potassium 
is another possibility. The slight increase in 
plasma sodium concentration can probably be 
accounted for on similar bases. 

After return to room air the dogs continued 
to hyperventilate and apparently went into a 
mild degrée of respiratory alkalosis. Evidence 
of this was the reduction of blood COzs to 32.2 
volumes % and the increase of urinary pH 
to 7.5 during the recovery stages. Apparently, 
this reversed the processes of electrolyte ex- 
cretion, for now both sodium and potassium 
were excreted at a more rapid rate than 
normally. 

No final answer can be given in explanation 
of the oliguria observed during hypercapnia 
with diffusion respiration(4-8). Oliguria did 
not occur, and only slight reduction in glom- 
erular filtration rate was observed during 
hypercapnia in the present experiments. Per- 
haps the phenomenon was masked by the 
osmotic diuretic action of the mannitol. 

Summary. An average increase of 17.9 
volume % in arterial blood CO. concentration 
was produced in dogs by rebreathing from a 
spirometer. No evidence of significant renal 
vasomotor alteration was noted. However, 
urinary pH decreased, and sodium excretion 
progressively decreased to an average of 35% 
of control. Thus, elevated H+ concentration 
of the blood had in some manner enhanced the 
tubular reabsorption of sodium. Potassium 
excretion also diminished, presumably due to 
depressed tubular secretion by the predomi- 


nance of H+ made increasingly available for 
exchange with sodium. Plasma concentration 
of potassium increased during hypercapnia, 
due to renal retention or mobilization from 
the intracellular compartment. Plasma so- 
dium showed a similar trend. Hyperventila- 
tion occurred for a time on return to room 
air. This phase manifested a decrease in 
blood COs, increase in urinary pH, and in- 
crease in the excretion of potassium and 
sodium beyond control averages. 


Grateful acknowledgement is made to Mrs. Helen 
K. Grodeck and Sue Carran for technical assistance. 
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The urate clearance in normal man is of 
the order 7-10 cc/min. at adequate urine 
flows and therefore only some 5-8% of the 
inulin clearance. Opinion as to the signifi- 
cance of this urate clearance deficit is still 
divided(1). If the plasma urate is wholly 
filtrable at the glomerulus, it would follow 
that more than 90% of the filtered urate is 
reabsorbed in the tubules. If the plasma 
urate is partly or wholly non-filtrable, due to 
firm binding to plasma proteins or to forma- 
tion of large molecular polymers, there would 
be correspondingly less tubular reabsorption; 
indeed, tubular secretion of urate might be 
postulated. The available data concerning 
the degree of filtrability of the plasma urate 
are conflicting. The older literature indicates 
complete diffusibility upon dialysis and varia- 
ble results, generally 70-100% diffusibility, 
by ultrafiltration. Some of these records are 
difficult to evaluate because of sparse detail 
and use of now obsolete methods. More re- 
cently, Adlersberg, Grishman, and Sobotka(2) 
confirmed the complete diffusibility of plasma 
urate by compensation dialysis but, in an ex- 
tensive study by ultrafiltration technics, found 
a mean of 16% ‘“bound”/total uric acid 
(range 4-24%) in normal human subjects; 
higher percentages of non-filtrable urate 
(25-65%) were noted in 6 of 10 cases of gout, 
in some cases of liver disease and in a case 
of multiple myeloma. Bauer and Klemperer 
(3) stated that they could not confirm the 
findings of Adlersberg e¢ al. but gave no de- 
tails. Our own earlier experience, using the 
Simms-Sanders ultrafiltration apparatus in a 
small number of sera, indicated virtually 
complete filtrability of the plasma urate(4,5). 
On the other hand, Wolfson e¢ al.(6), using a 
modification of the ultrafiltration apparatus 
devised by Lavietes(7), reported 27 and 19% 


* This work was supported, in part, by a grant-in- 
aid from the National Institute of Arthritis and 
Metabolic Diseases, National Institutes of Health. 


nonfiltrable plasma urate, corrected for non- 
urate chromogen, in 2 normal human sub- 
jects studied by them. 


Nonfiltrability of plasma urate of the de- 
gree reported by Adlersberg e¢ al. and Wolf- 
son e¢ al. would account for only a fraction 
of the urate clearance deficit but the point 
involved is critical in respect to prevailing 
concepts of the renal mechanisms for urate 


excretion. Further study therefore seems 
indicated. 
Methods. Two methods of ultrafiltration 


were employed. The first utilized the prin- 
ciple of the Simms-Sanders “surge” ultra- 
filtration apparatus(8) by which positive 
pressures of 200-300 mm Hg are applied to 
the serum samples (approximately 8 ml) con- 
tained in a specially prepared collodion tube. 
A rocking device containing mercury provides 
an alternating pressure gradient of 10 mm 
Hg. The resulting “surge” periodically re- 
moves the serum protein film which would 
otherwise occlude the filtration surface of the 
collodion membrane. The rate of ultrafiltra- 
tion is thus greatly accelerated, 3-4 ml of 
ultrafiltrate being obtained in 20-30 minutes, 
and adsorption of urate on the protein film is 
minimized. Since the “surging” involves agi- 
tation of the serum, the possibility of partial 
denaturation of the serum proteins and libera- 
tion of loosely bound complexes was investi- 
gated by ultrafiltering serum obtained from a 
patient injected with 5 ml T-1824 dye. The 
ultrafiltrate contained no dye. The second 
ultrafiltration apparatus employed was that 
previously used by Adlersberg, Grishman, and 
Sobotka(2) and kindly made available to us 
by these investigators. This method involves 
filtration through ‘‘600” cellophane discs rest- 
ing on metal sieve plates, using constant posi- 
tive pressures of nitrogen (80 lb per sq. in.). 
Approximately 2 ml of ultrafiltrate are ob- 
tained in 24 hours by this method. All ultra- 
filtrates were tested with 10% trichloracetic 


BIS 


TABLE I. Urate Content of Serum Water (U, ,, ) 
and of Corresponding Ultrafiltrates (U,,) in 10 
Non-gouty Subjects (1A), 16 Gouty Subjects (1B) 
and 16 Gouty Subjects Receiving Benemid (1C). 
Ultrafiltration carried out in Simms-Sanders appa- 


ratus. 
U -U 
S.W. ul , 100 
NO Ua Uae 
No. (mg%) (mg %) (%) 
1A il 6.1 6.1 0 
2 5.2 Dek 0 
3 5.8 5.8 0 
4 5.0 4.9 +2.0 
5 5.5 5.3 +3.6 
6 4.4 4.2 +4.5 
7 4.1 3.9 +4.9 
8 elk 6.7 +5.6 
9 7.6 7.1 +6.6 
10 19.0 AUR rh +7.3 
Mean = +3.5% 
S2D eS ai 
1B 1 11.2 11.6 —3.6 
2 8.6 8.8 —2.3 
3 8.4 8.5 —1.2 
4 10.0 9.7 +3.0 
5 11.0 10.6 +3.6 
6 7.9 7.6 +3.8 
7 8.3 8.0 +3.8 
8 10.9 10.4 +4.6 
9 10.8 10.4 +4.6 
10 8.0 t.5) +6.3 
11 11.9 11.0 +7.6 
12 8.5 7.8 +8.2 
28} aS 10.7 +8.5 
14 9.6 8.7 +9.4 
15 12.9 11.4 +11.6 
16 10.0 8.8 +12.0 
Mean = +5.0% 
SD = +5.2 
10 1 5.8 6.1 —5.2 
2 9.6 10.0 —4,2 
3 5.6 5.6 0 
4 8.9 8.9 0 
5 6.9 6.9 0 
6 7.4 (ee +1.4 
7 5.8 5.7 +1.7 
8 6.6 6.4 +3.0 
9 6.6 6.4 +3.0 
10 8.5 8.2 +3.5 
ial 8.3 8.0 +3.6 
12 6.0 Out +5.0 
tS 10.2 9.6 +5.9 
14 6.4 0.8 +9.4 
15 6.3 5.6 +11.1 
16 5.6 4.8 +14.3 
Mean = +3.3% 
SD: = +5.4 


acid for protein and with biuret reagent for 
polypeptides to exclude the possibility of 
membrane leakage. Urate was determined 
by a modification of the Buchanan, Block, 
and Christman method(9) incorporating the 
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and urea cyanide-carbonate. The repro- 


-use of uricase, arsenophosphotungstic acid 


ducibility of this method in our laboratory — 


is in the range 5-10%. Ultrafiltrates were 
treated exactly the same way as serum, in- 
cluding addition of tungstic acid and filtration 
through Whatman No. 40 filter paper even 
though no protein was present. Uric acid 
concentrations in serum are expressed in 
terms of serum water for comparison with 
ultrafiltrates. The serum water content was 
calculated by the formula of McLean and 
Hastings(9a), W; = 99.0 — 0.75 Ps, a serum 
protein concentration of 6 g % being assumed. 

Results. Table I 1A summarizes the results 
obtained with the Simms-Sanders ultrafiltra- 
tion apparatus in 10 non-gouty subjects. The 
concentrations of urate in serum water are all 
within normal limits except for the last 3 
values listed which are elevated because of 
azotemia associated with renal impairment. 
The mean difference between the concentra- 
tions of urate in serum water and those of the 
corresponding ultrafiltrates was +3.5%, S.D. 
422.790. 


Table 1B summarizes the results obtained — 


with the Simms-Sanders apparatus in 16 
gouty subjects all showing distinct elevations 
in serum urate; 3 were in the midst of an 
acute attack, none were receiving drugs. 
There was no significant deviation in filtra- 
bility from the normal. The mean difference 
between the concentrations of urate in serum 


water and in the corresponding ultrafiltrates — 


was +5.0%, S.D. + 5.2%. 
marizes data on 16 additional gouty subjects. 
all receiving Benemid, a potent uricosuric 
agent(5). The increase in urinary uric acid 
excretion caused by such uricosuric agents as 
Benemid is generally believed to reflect sup- 
pression of tubular reabsorption of urate(5) 
but it has been suggested that they act by 
converting serum urate from colloidal polymer 
aggregates to an _ ultrafiltrable form(10). 
This hypothesis is not borne out by our data. 

When the ultrafiltration apparatus em- 
ployed by Adlersberg e¢ al.(2) was used, how- 
ever, appreciable quantities of serum urate 
could not be recovered in the ultrafiltrates 
(Table IT), thus confirming their findings. 


The data in Table II also substantiate their — 


Table 1C sum- - 
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TABLE II. Urate Content of Serum Water CU) 
and of Corresponding Ultrafiltrates (U,,) when 


Ultrafiltration was Performed in Apparatus of Ad- 
lersberg et al. for Varying-Periods of Time. 


Ui at 
ee Hr of 
ee. Un Desa ultra- 
No. (mg %) (mg %) (%) filtration 

ae 5.4 4.3 20.4 12 
PA 9.3 7.9 15.6 12 
3t 10.7 8.3 22.4 12 
4° 4.5 3.7 16.9 18 
5t 10.7 9.1 15.1 24 
6t 10.5 8.5 18.5 24 
ie 5.4 4.3 20.4 24 
8* 4.8 Sal: 55.5 30 
9* 5.4 3.4 37.9 30 
10* 5.1 21 39.5 60 


* Non-gouty subject. 
+ Gouty subject. 


TABLE III. Urate Content of Serum Water be- 
fore (U*,,) and after (U*,,) Contact with 
Metal Sieve. 


8.W. S.W- 
x 100 

nes eee Am Hr of 

No. (mg %) (mg %) (%) contact 
1 5.3 4.6 1383 6 
2 5.4 4.6 15.7 12 
3 To 6.8 9.1 14 
4 Thefl 6.4 17.5 18 
8) 7.8 6.8 12.9 18 
6 (ie! 5.5 22.8 24 
fi 5.4 4.6 15.7 24 
8 isi 6.4 22.1 24 
9 6.2 5.5 15.7 24 
10 7.0 1.6* 76.9 36 
Ad 6.8 He 89.0 48 


* Heavy bacterial growth occurred in these two 
sera. 


notation that the discrepancy increased as the 
duration of ultrafiltration was prolonged. 
This latter observation suggested that the ap- 
parent nonfiltrability of urate might be fac- 
titious since the composition of ultrafiltrates 
does not ordinarily change with the time of 
ultrafiltration. It occurred to us that pro- 
tracted contact with the supporting metal 
sieve could lead to degradation of uric acid, 
which is notoriously susceptible to alteration 
by a wide variety of oxidizing and reducing 
substances. Accordingly, samples of serum 
were allowed to ~emain in the apparatus in 
contact with cellophane membranes resting on 
the metal sieve, but without ultrafiltration by 


application of pressure; then the serum was 
withdrawn and the uric acid content redeter- 
mined. As indicated in Table III, losses in 
uric acid of the same order of magnitude as 
observed after ultrafiltration were noted; 
moreover, the discrepancy increased with pro- 
longation of the experiment.t Sera kept in 
Erlenmeyer flasks at room temperature, with- 
out contact with the metal sieves, showed a 
change in urate content from +3.4% to 
—6.5% after 24-48 hours. 

Discussion. Our results are consistent with 
the view that the plasma urate in man, 
whether present in normal quantities or in 
the higher concentrations encountered in 
gouty or uremic subjects, may be assumed to 
be virtually wholly filtrable at the glomerulus, 
and that the urate clearance deficit may 
properly be ascribed to some 90% reabsorp- 
tion of filtered urate in the tubules. The 
Simms-Sanders ultrafiltration technic em- 
ployed does, however, leave open the possi- 
bility that the plasma urate may be so loosely 
bound to plasma proteins as to be liberated 
in the course of ultrafiltration. As already 
indicated, this possibility could be excluded in 
the case of protein-bound T-1824 dye. -Addi- 
tional evidence to the contrary was obtained 
in the course of study of a patient with 
glomerulo-tubular imbalance of the Fanconi 
type(5). As a consequence of defective tub- 
ular transport mechanisms, this patient’s kid- 
neys were incapable of reabsorbing urate and 
his urate clearance was found to be equivalent 
to his glomerular filtration rate: Curate/Cm 
= 0.98, as compared with a mean urate clear- 
ance ratio for normal man of 0.067. If a sub- 
stantial proportion of the plasma urate were 
in a nonfiltrable state, this could not occur 
unless through the coincidence of precisely 
proportionate tubular secretion of urate; and 
the absence of any uricosuric response to 
Benemid in this subject makes such a coin- 


tIt should be pointed out, however, that there 
is probably more contact between the serum urate 
and the metal sieve in the simulated ultrafiltration 
experiment than when pressure is applied, since pres- 
sure would flatten out the interposed cellophane mem- 
brane. Also, the explanation offered for the discrep- 
ancy would not apply to the Lavietes apparatus in 
which there is no contact with a metallic support. 
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cidence even more improbable. In the Dal- 
matian hound, equivalence of the urate clear- 
ance and the glomerular filtration rate occurs 
regularly(11) and accounts for the excess 
urinary urate excretion characteristic of this 
species; moreover, the Dalmation hound, un- 
like other dogs, does not respond to uricosuric 
agents(12,13). In the snake and frog, Bord- 
ley and Richards(14) demonstrated equiva- 
lent concentrations of urate in plasma and 
capsular urine obtained by direct puncture. 

The possibility that some urate may be 
present in the plasma in aggregates which are 
filtrable or readily depolymerized is not ex- 
cluded by our data. Such polymers presum- 
ably would be more likely to form at the 
higher plasma urate concentrations found in 
gout or nephritis. Our data do not indicate 
a significant deviation from the normal dif- 
fusibility under these circumstances. In fact, 
gouty subjects with azotemia due to signifi- 
cant diminution in glomerular filtration rate 
often show higher Cyrate/Cm ratios(15,16). 

Wolfson and his collaborators(6,17) have 
pointed to the low urate content of cerebro- 
spinal fluid as indicating that a substantial 
part of the plasma urate must be in nonfiltra- 
ble form. This does not necessarily follow 
since the composition of the cerebrospinal 
‘fluid does not in many respects conform to 
that of a plasma ultrafiltrate(18). 

Summary and conclusions. 1. Sera of non- 
gouty and gouty human subjects were sub- 
jected to ultrafiltration by 2 different pro- 
cedures. The urate concentration of. ultra- 
filtrates obtained by means of a Simms- 
Sanders apparatus did not differ significantly 
from that of the corresponding sera, expressed 
as serum water. Low values obtained by 
the second method employed were found to 
be factitious. 2. The available data appear 
to justify the assumption that the plasma 


urate in man is virtually wholly filtrable at 
the glomerulus and that some 90% of the 
filtered urate normally is reabsorbed in the 
tubules. 
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Comparative Study of Three Male Genital Acid Phosphatases.* (20529) 


RONALD R. NovaLes AND Howarp A. BERN. (Introduced by R. M. Eakin) 
From the Department of Zoology, University of California, Berkeley. 


Kutscher and Wolbergs(1) demonstrated 
that the high acid phosphatase content of 
human seminal fluid is derived almost com- 
pletely from the prostate. Since that time 
the biochemical properties of the human 
prostatic enzyme have been the subject of 
several investigations(2-6); in addition, 
monkey(7) and dog(8) prostates have been 
shown to possess considerable acid phospha- 
tase activity, with moderate activity present 
in the rabbit prostate(9). A similar enzyme 
occurs in the preputial gland of the male 
rat(10), and high acid phosphatase activity 
has also been reported in the seminal vesicle 
of the guinea pig(9). 

Because of the use of rat and guinea pig 
tissues in the study of steroid hormone-phos- 
phatase relations somewhat comparable to 
those pertaining to the human prostate, a 
comparative study was undertaken of acid 
phosphatases from 3 male genital tract 
sources: human seminal plasma, rat preputial 
gland, and guinea pig seminal vesicle. The 
relations of activity to pH and to substrate 
concentration, as well as the effects of a series 
of ions and organic substances, were studied. 
Special attention was paid to the ability of 
bovine serum albumin to activate all prepara- 
tions. In general, a notable degree of simi- 
larity was found. 


Materials and methods. Enzyme prepara- 
tions of approximately equal activity were 
obtained as follows: (a) prostatic acid phos- 
phatase by dilution of human seminal plasma 
1:2000 with glass-distilled water; (b) pre- 
putial acid phosphatase as the supernatant 
after centrifugation for 10 min. at 2000 RPM 
of a 0.5% aqueous homogenate of secretion- 
free glands from mature male Long-Evans 


* Supported in part by Cancer Research Funds of 
the University of California. We are greatly indebted 
to Professor C. M. Szego, Zoology Department, Uni- 
versity of California, Los Angeles, for her interest and 
advice and for extension of laboratory facilities to 
one of us (R.R.N.) during a part of this study. 


rats; (c) vesicular acid phosphatase as a simi- 
larly prepared supernatant from the secretion- 
free seminal vesicles of mature male guinea 
pigs. Studies were made immediately after 
preparation of the enzyme solutions, as well 
as occasionally after storage at 4°C for 2-3 
days. Refrigeration for this period did not 
result in any significant change in activity. 
Phosphatase activity was determined by the. 
method of Huggins and Talalay(11), using 
sodium phenolphthalein phosphate as_ sub- 
strate and their definition of 10 units of phos- 
phatase activity as the amount liberating one 
mg of phenolphthalein during one hour at 
37°C. Although phenolphthalein phosphate 
is not a naturally occurring substrate for phos- 
phatases, it has been demonstrated that the 
perfused canine prostate dephosphorylates it 
in vivo(4). Unitage curves were constructed 
for each of the 3 enzymes, owing to the para- 
bolic relation between enzyme concentration 
and the colorimetric equivalent of the liber- 
ated phenolphthalein. 0.05 M sodium ace- 
tate-sodium cacodylate (dimethylarsenate) 
buffers(12) were employed in the determina- 
tion of pH-activity curves from pH 4.3 to 
7.4; 0.08 M sodium barbital provided the 
buffer at more alkaline pH’s, where activity 
was found to be insignificant. Substrate con- 
centration effects were studied both at pH 
5.4 and at the optimum pH with 0.08 M 
acetate and 0.05 M phthalate buffers. Efficacy 
of the buffer solutions was checked during the 
course of incubation by means of a Beckman 
pH meter with portable electrodes. The ef- 
fects of the following ions and organic sub- 
stances were determined at pH 5.4 using a 
standard substrate concentration of 8.3 x 10“ 
M in 0.08 M acetate buffer: Mgtt, Ca**, 
Mn‘**, Zn‘*, F-, and oxalate at a concentration 
of 0.017 M; molybdate, tungstate, L-tartaric 
acid, and bovine serum albumin (Armour) in 
a series of concentrations; 0.5% formalde- 
hyde. Enzyme preparations were also tested 
after pretreatment with 40% ethanol for 30 
min. at room temperature. Each substance 


Enzyme Sources 

© Humon prostate 

* Guinea Pig seminal 
vesicle. 

© Rot preputial. 


30 


Substrate concentration = 
83x 107M 
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Ie 


100 ml. 


ab 


units per 


Phosphatase 
tots a 


20h 


Substrate concentration= 
8.3 x10°M 


FIG. 1. pH-activity curves for human seminal, rat 

-preputial, and guinea pig seminal vesicle acid phos- 

phatases at 2 substrate (phenolphthalein phos- 

phate) concentrations. Note the lower pH optima 
with the lower substrate concentration. 


was tested several times on 2 or more prep- 
arations from each enzyme source. 

Results. pH-activity curves were prepared 
at substrate concentrations of 8.3 x 10+ M 
and 8.3 x 10° M. Fig. 1 shows that maximal 
activity occurs at a lower pH with the lower 


MALE GENITAL PHOSPHATASES 


substrate concentration. In general, pH 
optima (5.5-6.5) are similar for the 3 en- 
zymes. The limiting substrate concentration 
was around 3 x 10+ M for all 3 enzymes; 
substrate inhibition was evident at higher 
concentrations. Michaelis constants were 
estimated from curves and were also calcu- 


lated according to the method of Lineweaver — 


and Burk(13). They were found to fall in 
the range of 1 x 10° to 5 x 10°; no attempt 
was made to determine the constants more 
accurately in view of the impurity of the 
preparations. 

The metallic cations tested (Mg**, Mn**, 
Ca**, Zn**) inhibited the 3 enzymes to some 
extent; however, the results were seldom re- 
producible with several preparations of the 
same enzyme. Molybdate, tungstate, fluoride, 
L-tartrate, and oxalate all had appreciable 
inhibitory effects at the. concentrations em- 
ployed, except possibly at the lowest concen- 
tration of tartrate. The similar responses of 
the 3 enzymes to these substances are striking 
(Table I). 

Incubation of the enzyme preparations in 
40% ethanol for 30 min. at room temperature 
before enzyme assay resulted in total inactiva- 
tion, whereas 0.5% formaldehyde had a very 
limited effect. 

Bovine serum albumin had an activating 
effect over a range of concentrations. Human 
seminal enzyme and guinea pig vesicular en- 
zyme were similarly activated, but male rat 
preputial phosphatase showed considerably 
less response. Thus, 0.01% albumin activates 
the human enzyme 235% and the guinea pig 
enzyme 350%, but has no effect on the rat 
enzyme. Only with concentrations of albu- 
min as high as 0.1% is there an appreciable 
effect on preputial phosphatase (30% activa- 
tion). On the other hand, 0.005% albumin 
still significantly activates the former (35% 
and 85%, respectively). A linear relation 
was found to exist between concentration of 
seminal phosphatase and the amount of ac- 
tivation with 0.02% albumin in the presence 
of excess substrate at both pH 5.4 and 6.0. 

Discussion. The similarity of the pH 


optima (around 6.0) and of the Michaelis 


constants of the 3 genital acid phosphatases 
studied furnish some evidence for their pos- 


as 


- aoe 
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TABLE I. Effect of Various Substances on Male Genital Tract Acid Phosphatases.* 


— % inhibition of enzyme———, 

Human Guinea pig Male rat 

Substance Concentration seminal vesicular preputial 
Sodium fluoride IU, NO aca b 95 100 100 
* molybdate 10-* M 93 96 95 
10° M 81 87 81 
10% M 44 58 52 
ie tungstate 10° M 97 95 91 
10%*M 68 81 80 
L-tartaric acid 102M 88 96 96 
10°? M 31 25 42 
10*M 12 13 8 
Sodium oxalate 102M 39 44 20 
Formaldehyde 0.5% aye 28 16 
Ethanol incubationt 40% 100 100 100 


* Substrate: 8.3 x 10*M phenolphthalein phosphate at pH 5.4 (acetate). 


+ 30 min. pretreatment at room temperature. 


sible identity. However, Roche(14) has em- 
phasized that to be reliable pH optima should 
be obtained on purified preparations. The 
pH optimum of human prostatic acid phos- 
phatase reported herein is somewhat higher 
than that found by some earlier workers(6, 
11). However, Lundquist’s detailed study 
(2) demonstrated an optimum as high as pH 
6.3 with certain substrates (e.g. calcium-phos- 
phorylcholine). In general, all 3 genital 
phosphatases are characterized in their im- 
pure state by pH optima higher than those 
ordinarily ascribed to group II phosphatases, 
to which they are generally assigned(14). 


The lower pH optima seen when substrate 
concentration is reduced are of interest in 
view of some observations(15) on alkaline 
phosphatase. It was found that lowering the 
substrate concentration brought the optimum 
pH toward neutrality, a 10-fold decrease in 
substrate concentration diminishing the op- 
timum by about one pH unit. However, 
the view(15) that the approach of the op- 
timum to neutrality resulting from lowered 
substrate concentration may reflect the condi- 
tion seen im vivo, where substrate concentra- 
tions may be low, is difficult to reconcile with 
our data. With the acid phosphatases, low- 
ered substrate concentration results in a pH 
optimum further removed from neutrality. 

The variable results obtained with the 
metallic ions may possibly be due to their 
occurrence in the enzyme preparations them- 
selves; appreciable calcium is found in human 


seminal plasma(16). An inhibition of the 
prostatic enzyme by Mg** was repeatedly 
found, despite the presumed lack of effect of 
this ion on group II phosphatases(14). 

The effects of certain anions and organic 
substances provide data of comparative value 
(Table I). The well established inhibitors of 
group II acid phosphatases: fluoride(14), 
molybdate and tungstate(17), and oxalate 
(5,18), had similar effects on all preparations. 
The human prostatic enzyme can be distin- 
guished from isodynamic serum acid phos- 
phatases by its sensitivity to L-tartrate 
(3,19-21) and to ethanol(22-24) and its re- 
sistance to formaldehyde(20,24,25). These 
3 substances have similar influences upon the 
guinea pig and rat genital enzymes, despite 
their origin from sex accessories which are not 
homologous to the human prostate. 


Acid phosphatase from the male rat pre- 
putial gland is activated by 0.1% albumin to 
about the same extent as 8-glucuronidase (26) 
from the female rat preputial gland (31% as 
compared with 39%). In attempting to ac- 
count for the considerably greater activation 
of human seminal and guinea pig vesicular 
acid phosphatases, it should be noted that the 
rat preputial homogenate is prepared from a 
very different type of tissue, consisting of 
holocrine acini with a high lipid content(27). 

The marked increase in prostatic acid phos- 
phatase activity in the serum generally 
diagnostic of metastasizing human prostatic 
carcinoma(28) may be related in part to the 
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activation of the enzyme by serum albumin. 
In addition, a thermostable, low molecular 
weight organic activator of prostatic acid 
phosphatase has been found in serum(29). 
Although alkaline hyperphosphatasemias gen- 
erally reflect an actual enrichment by the en- 
zyme, rather than an activation(30), the 
latter possibility in regard to prostatic acid 
phosphatase in human serum seems worthy of 
consideration. 

Summary and conclusions. Three male 
genital tract acid phosphatases, from human 
seminal plasma, rat preputial gland and 
guinea pig seminal vesicle, show a high degree 
of similarity in their pH-activity curves, 
Michaelis constants, and reactions to certain 
anions and organic substances. As a group 
these enzymes are fluoride-, tungstate-, molyb- 
date-, oxalate-, L-tartrate-, and ethanol-sensi- 
tive and formaldehyde-resistant. All are ac- 
tivated by serum albumin, the preputial en- 
zyme less than the other two. 
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Present evidence indicates the presence in 
avian liver of 2 enzyme systems which are 
responsible for an increase in microbiologically 
determinable citrovorum factor (CF). <A 
report by Hill and Scott(1) suggests that 
ascorbic acid increases the CF content of chick 
liver homogenate by activating a CF con- 
jugase present in chick liver. Nichol(2) re- 
ported that formation of CF from pteroyl- 
glutamic acid (PGA) in chick liver homo- 
genate at an optimal pH of 6.2 proceeded 
well under anaerobic conditions. Recently, 
Broquist e¢ al.(3) reported 39% to 54% con- 
version of added PGA to CF by resting cells 
of a strain of S. faecalis resistant to 4-amino- 
‘10 methyl pteroylglutamic acid(4). Such 
high enzymatic formation of CF was obtained 
only when the resting cells were incubated 
with PGA and a supply of “formate” in 
presence of a reducing environment. 

The metabolism of “formate” is influenced 
by dietary PGA according to reports by sev- 
eral groups(5-8). Reports have appeared to 
indicate a participation of vit. By. in the con- 
version of PGA to CF(9-11) but the evidence 
does not seem conclusive. It is the purpose 
of this report to determine the effect of sup- 
plementing the chick diet with varying levels 
of vit. By2 and PGA on the in vitro synthesis 
of CF from added PGA by the liver homo- 
genates. 


Experimental. Straight run (New Hamp- 
shire males X Single Comb White Leghorn 
female) crossbred chicks were used for all the 


* Supported in part by grants-in-aid, U. S. Public 
Health Service, National Institutes of Health, Bethes- 
da, Md., and Lederle Laboratories, Pearl River, N. Y. 
Inositol and Cerelose were obtained through the 
courtesy of Corn Products Refining Co., Argo, Il. 
Folic acid and Leucovorin were supplied by Lederle 
Laboratories, biotin by Hoffmann-La Roche Inc., 
Nutley, N. J., and rest of the B-vitamins by Merck 
and Co., Rahway, N. J. 


studies. Birds were housed in electrically 
heated batteries with raised screen floors. 
The chicks were wingbanded, weighed and 
randomized into 12 groups of 12 birds each 
at one day of age. Weights were recorded at 
weekly intervals. The basal diet used in the 
present studies was the same as reported by 
Couch et al.(12) with the exception that the 
diet contained 69.5% Cerelose, 22.5% soy- 
bean protein (Drackett 220), 2.5% soybean 
oil, 6 mg/kg a-tocopherol, 10,000 I.U. vit. 
A/kg, and 2,000 I.C.U. vit. D3/kg. PGA 
and vit. By. were not added to the basal diet 
since the latter was supplemented with 3 dif- 
ferent levels of PGA (2, 100, 400 mg/kg) 
and 2 levels of vit. Bis (30, 500 y/kg). 

At the end of the 4-week period, 3 chicks 
from each group were sacrificed, the livers 
were removed and immediately chilled with 
ice for 2 minutes; 20% homogenates were 
then prepared in 0.08 M sodium potassium 
phosphate buffer pH 6.3, using the Potter- 
Elvehjem glass homogenizer. Equal amounts 
of the 3 homogenates were mixed and repre- 
sentative homogenates thus obtained from the 
various groups of birds were immediately 
tested for PGA to CF conversion studies as 
follows: 5 ml aliquots of the various homo- 
genates were pipetted in duplicates into 50 
ml Erlenmeyer flasks containing 5 ml of the 
above mentioned phosphate buffer and also 
aliquots of solutions containing substances to 
be described. The final volume in each flask 
was made to 11 ml with water and the solu- 
tions were layered with toluene. Then the 
flasks were tightly rubber-stoppered and nitro- 
gen was introduced by the use of hypodermic 
needles thrust through the rubber stoppers 
(13). After flushing with nitrogen, the 
needles were carefully withdrawn and the 
flasks were incubated on a reciprocating 
shaker at 37°C for 2 hours. The rubber stop- 
pers were removed and replaced by the usual 
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TABLE I. Conversion of PGA to CF by Liver Homogenates from Chicks Fed a Low Vit. B,:- 
PGA Diet Supplemented with Varying Levels of Vit. Bi. and PGA. 


Supplements to basal 


diet Vit. Bys, vy PGA added/flask* 

Group PGA, Witte Bia my/g c = 

No. mg/kg y/ke liver 0 50 100 250 
-—y CF /g liver homogenate—, 

it 0 0 18 1.3 13.6 25.8 45.5 
2 0 30 129 1.4 17 30.0 55.4 
3 0 500 364 3.2 27.5 43.4 64.9 
4 2 0 12 3.6 17.3 25.2 61.0 
5 2 30 165 3.7 23.4 45.8 55.0 
6 2 500 340 12.8 36.7 66.1 75.6 
fi 100 00 46 2.7 * 20.00 2802 62.5 
8 100 30 286 9.6 33.4 51.0 (ae 
9 100 500 611 8.5 37.4 72.5 121.0 
10 400 0 18 4.2 25.8 39.5 67.4 
11 400 30 256 10.7 43.6 71.8 108.8 
12 400 500 406 12.6 31.9 44.6 54.5 


* Flasks components: 5 ml of 20% liver homogenate in .08 M sodium-potassium phosphate 
buffer pH 6.3 along with 5 ml of the same buffer and aliquots of PGA solution, made to a 
total volume of 11 ml with H.O. Flasks were incubated for 2 hr under Ns. 


cotton plugs and all the samples were auto- 
claved for 5 minutes at 120°C. After cool- 
ing, the samples were homogenized in a 
Waring Blendor, neutralized, made up to 
volume, filtered, and the filtrate was assayed. 
The CF content was determined using the 
single strength basal medium VI of Steele 
et al.(14) with acid hydrolyzed casein to sup- 
ply part of the amino acids. Leuconostoc 
citrovorum ATCC 8081+ was used as the test 
organism and Leucovorin (Lederle) was em- 
ployed as the standard. Since the latter has 
been reported to be half as active as the CF 
isolated from horse liver(15), the microbio- 
logical assay values were divided by 2 in order 
to express the results in terms of the naturally 
occurring CF. The cultures were incubated 
for 72 hours at 37°C and growth was deter- 
mined by titrimetric procedure. 

Liver samples of 6 chicks from each group 
were pooled and the vit. B,. determinations 
were run in triplicates. The method of 
Yacowitz e¢ al.(16) modified by addition of 
50 y KCN per g of liver homogenate was used 
for liberating vit. By2(17). Determinations of 


+ A recent report (Felton, E. A., and Niven, C. F.,, 
J. Bact., 1953, v65, 482) concerning a taxonomic 
study on the culture Leuconostoc citrovorum ATCC 
8081 suggests that the latter organism is a typical 
strain of Pediococcus cerevisiae as described earlier by 
Pederson (Bact. Rev., 1949, v13, 225). 


vit. By2 were made on the treated liver samples 
using the titrimetric method of Skeggs e¢ al. 
(18) with Lactobacillus leichmannii 4797 as 
the test organism and the crystalline vit. By» 
as the standard. 

Results. It is apparent from the results of 
Table I that supplementing of chick diet 
either with increasing amounts of vit. By,o or 
PGA increased the conversion of added PGA 
to CF by the liver homogenate. This is 
largely true of results from chicks of Groups 
1 to 11 while on the other hand liver homo- 
genates from chicks receiving highest levels of 
vit. By. and PGA (Group 12) gave a lowered 
PGA to CF conversion. Also homogenates 
of liver from chicks receiving 400 mg PGA/kg 
of diet (Group 10) gave an increase in PGA 
to CF conversion which was comparable to 
supplementation of the diet with 500 y vit. 
By2/kg (Group 3). This would suggest that 
the 2 vitamins may influence the converting 
mechanism by separate pathways. 

It was of interest to determine if the CF 
synthesized by chick liver homogenate from 
added PGA was identical with the synthetic 
CF (Leucovorin). This was accomplished by 
analyzing the filtrate prepared for CF assays, 
using bioautographic procedures described by 
Doctor and Couch(19). Paper strips were 
developed using wet symmetrical collidine and 
also using a solvent system composed of 50% 
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TABLE II. Influence of Adding Vit. B,. and Formate on Conversion of PGA to OF by Liver 
Homogenates from Chicks Fed a Low Vit. By.-PGA Diet Supplemented with Varying Levels of 
Vit. By and PGA. 
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—————————Substancees added/flask*———______ 


Supplements to basal 


Formate, 10 
diet Formate, mg + vit. 
Group PGA, Wate Be. 10 mg + Bys, 10 y + 
No. mg/kg y/kg None PGA,50y vit. By, 10 + PGA, 50 v 
———_7 CF /g liver homogenate———__—_, 
1 0 0 1.3 13.6 leat aby(ell 
2 0 30 1.4 ligfele 1.3 20.3 
3 0 500 3.2 27.9 3.8 30.3 
4 2 0 3.6 17.3 3.4 23.6 
7 100 0 2.7 20.0 2.9 17.8 
10 400 0 4.2 25.8 4.5 28.0 


* Flask components: 5 ml of 20% liver homogenate in .08 M sodium potassium phosphate 
buffer pH 6.3 along with 5 ml of the same buffer and aliquots of solutions containing substances 
described to make a total volume of 11 ml. Flasks were incubated for 2 hr under No. 


ethanol, 15% n-butanol, 10% ammonia, and 
25% water(19). Results of both these studies 
indicated that the compound synthesized from 
PGA by chick liver homogenate moved on 
paper strips at the same rate as did synthetic 
CF (Leucovorin). 

Supplementing the chick diet with increas- 
ing amounts of vit. By. increased by many 
fold the vitamin content in the liver (Table 
I). Supplementing with 100 mg PGA/kg also 
resulted in an increased storage of vit. Bis 
in the liver. Supplementation of the basal 
diet with 400 mg PGA/kg produced a slight 
decrease in the vit. By. content of the livers 
as compared to values obtained when 100 
mg PGA/kg were fed. The soybean protein 
used in the basal ration supplied 50 y 
PGA/kg of diet and 15 y CF/kg. Average 
weights of the birds at 4 weeks of age ranged 
from 293-355 g. No apparent differences 
were obtained which could be correlated with 
dietary changes. 

In order to investigate whether feeding a 
diet low in vit. B;. resulted in a low storage 
of “formate” in the liver and to determine if 
vit. By. is directly concerned in some way with 
the converting mechanism, studies were con- 
ducted to determine the influence of in vitro 
addition of vit. Bj. and “formate” on the 
PGA to CF conversion. Results of this study 
presented in Table II show only a slight 
stimulation of PGA to CF conversion by 
in vitro addition of 10 y vit. By2 together with 
10 mg sodium formate. The data may be in- 
terpreted to suggest that vit. Bj. may have to 


be converted into a type of coenzyme system: 
concerned with the synthesis of CF from 
added PGA but the failure of added formate 
in giving an appreciable increase in the con- 
version is even more intriguing (3,20). 

Discussion. Investigations by Drysdale 
et al.(6) where PGA deficiency decreased the 
incorporation of formate into C-2 and C-8 of 
the liver adenine and guanine and that of 
Skipper et al.(7), in which the incorporation 
of formate into total nucleoprotein of mice is 
decreased by antagonist-induced PGA de- 
ficiency suggest a probable CF-catalyzed 
utilization of formate in the synthesis of 
purines(21). Recently, Buchanan and Schul- 
man(20) have reported a more direct influence 
of CF in a preferential incorporation of radio- 
active formate into C-2 of inosinic acid. It is 
apparent that under the presently described 
experimental conditions an increased conver- 
sion of PGA to CF is obtained in liver homo- 
genates from chicks receiving increasing levels 
of PGA or vit. By. In order to ascertain if 
this increase in conversion was largely due to 
a general increase in metabolic activity of the 
liver, studies on the endogenous oxygen up- 
take were conducted. It was observed that 
supplementation with vit. By. or PGA did not 
appreciably affect the endogenous oxygen 
uptake. 

Since vit. By is not effective in reversing 
the effects of certain PGA analogues which 
are known to block the transformation of 
PGA to CF, it is conceivable that dietary 
vit. By. and PGA may in some way prevent 
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the inactivation of CF synthesized by the liver 
homogenate and thereby cause an apparent 
increase in CF production. The evidence does 
not, however, rule out the possibility that a 
specific effect of vit. Byz and PGA is involved. 

Summary. Supplementing a low vit. Bio- 
PGA chick diet with either increasing levels 
of vit. Biz (30 y and 500 y/kg) or increasing 
levels of PGA (2, 100, and 400 mg/kg) re- 
sulted in an increased capacity by the liver 
homogenates to convert added PGA to CF. 
The results further suggest that the 2 vitamins 
may influence the converting enzyme system 
through different mechanisms. Jn vitro addi- 
tion of formate and vit. B,2 to the liver homo- 
genate gave only a slight stimulation of PGA 
to CF conversion by the liver homogenate. 
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Effect of Aureomycin upon Growth and Maturation of Lebistes reticulatus. 
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Recent work in nutrition has indicated that 
addition of aureomycin to the diet increased 
the rate of growth of newborn or immature 
animals(1-7). Jukes et al. produced accelera- 
tion of growth in pigs using aureomycin sup- 
plemental feeding(1). These results have 
been confirmed and extended to other animals 
as the chick(2-7). Growth-enhancing effect 
of aureomycin in premature children has also 
been described(8). Recently it has also been 


shown that aureomycin supplemental feeding 
enhanced the growth of rats made diabetic 
with alloxan(9). 

The above work demonstrating the ana- 
bolic effect of the broad spectrum antibiotic 
in mammals and birds and in experimentally 
induced diabetes made it of interest to study 
this propensity of the drug in lower verte- 
brates. To this end the experimental report 
herein is concerned with the observations on 
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TABLE I. Aureomycin upon Growth 


Lebistes reticulatus 


and Maturation of Lebistes reticulatus. 
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Length Width 
(mm ) (mm) Wt(mg) Sex Gonad differentiation 
Controls 
15 4 61 } Immature—no mature sperm 
19 5 127 Q Mature ovary with large yolk egg 
17 4 109 ) idem 
18 5 133 Q idem 
15 4 69 3 Immature—beginning of mature sperm formation 
15 4 fia 3 
20 5.5 178 Q === 
Avg 17 4.5 107.7 
Exp. : 
14 3 45 a Mature with mature sperm 
13 3 36 Ey Immature—no mature sperm 
13 3 36 Q 2 —no large yolk eggs 
abs 3 21 a Mature with mature sperm 
13.5 3 4] 9 Immature—no large yolk eggs 
10.5 3 82 fe) idem 
Avg 12.5 3 35.2 


the effect of aureomycin supplemental feeding 
upon the growth and development of the 
teleost fish, Lebistes reticulatus, more com- 
monly known as the guppy. 


Method. Newborn guppies were divided 
into 2 groups, both of which were raised un- 
der identical conditions with the exception 
that the experimental fish received supple- 
mental feeding of aureomycin hydrochloride* 
equal to 20% of the weight of the added food. 
Both groups received equal aliquots of a com- 
mercially prepared fish food. After a period 
of 6 months the experimental and control fish 
were sacrificed, measured and weighed to the 
nearest milligram. The fish were then fixed 
in Bouin’s solution, embedded in paraffin, and 
sectioned to determine the effects, if any, of 
the aureomycin feeding on the development 
and differentiation of the gonads. 


Results. Contrary to previously reported 
work on mammals and birds, we found that 
aureomycin supplemental feeding in the de- 

_ scribed doses inhibited the growth of guppies. 

Table I summarizes the individual measure- 
ments, weights and sexual differentiation of 
the control and experimental groups. 

The average size and weight of the 7 con- 
trol animals and 6 aureomycin-fed animals 
are as follows: Length from tip of snout to 


* The aureomycin hydrochloride used in this study 
was kindly furnished by Lederle Laboratories Divi- 
sion of American Cyanamid Co., N. Y. 


base of caudal fin was 17 mm for the control 
group and 12.5 mm for the experimental 
group. The width at its widest point was 
4.5 mm for the control group and 3 mm for 
the experimental group. The weight of the 
control group was 107.7 mg, while that of 
the experimental group was only 35 mg. 
This represents almost a 70% inhibition of 
growth as measured by the weight of the 
animals. The failure of the experimental 
group to approach the size of the control 
animals as evidenced by the length and width 
indicates that both a growth and anabolic 
inhibition were attained. Microscopic exam- 
ination showed no consistent significant effect 
on gonadal growth or differentiation. It is of 
interest to note that despite the retardation 
of somatic development, examination of the 
gonads showed no evidence of inhibition in 
these animals since a comparable differentia- 
tion was noted in both the experimental and 
control fish. 

A point of interest was the development of 
a mold growth determined to be Monilia 
albicans in the tank containing the aureo- 
mycin. 

Discussion. These data on the suppression 
of growth of fish with aureomycin supple- 
mental feeding are contrary to the published 
effects of similar feedings on mammals and 
birds. They are, however, in accord with the 
work of Lepine et al., who inhibited the 
growth of tissue culture by the addition of 


34 


aureomycin to the media(10). The observa- 
tions in guppies are somewhat in agreement 
with the more recent work on the catabolic 
effects of aureomycin in man and dogs(11). 
We cannot at this point explain why aureo- 
mycin feeding stimulates growth in mammals 
and birds and inhibits growth in fish. It is 
yet to be determined whether these results 
are due to specific differences or based upon 
the possible catabolic propensities of large 
doses of aureomycin as previously described 
(11). An overgrowth of a mold identified as 
Monilia albicans was noted in the water of 
the aquarium in which aureomycin had been 
added. The increased growth of Monilia 
noted in the tank after the addition of aureo- 
mycin is in accord with some clinical observa- 
tions on the apparent increase in moniliasis 
after the use of broad spectrum antibiotics. 
One must consider the possibility that this 
fungal growth might be a factor in inhibiting 
somatic growth in the fish. 


Summary. Supplemental feeding of aureo- 
mycin to guppies caused a marked inhibition 
of somatic development and growth. There 


as 
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was, however, no gonadal inhibition. The 
possible mechanism of this action of aureo- 
mycin was discussed. 
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Increases in the protein-bound carbohy- 
drates of serum have been observed in such 
diverse conditions as human(1) and experi- 
mental(2) tuberculosis, human(3) and _ ex- 
perimental(4) carcinoma, human(5) and ex- 
perimental(6) thermal injury, late pregnancy 
and parturition(7), rheumatic fever and 
osteomyelitis(8), X-irradiation(9), immun- 
ization(10), experimental scurvy(11), and 


* This investigation was supported in part by 
research grants from the National Microbiological 
Institute and the National Cancer Institute of the 
National Institutes of Health, U. S. Public Health 
Service. 


from the administration of parathyroid ex- 
tract(12). The reports suggest that the ele- 
vated serum glycoprotein levels may repre- 
sent a response to non-specific stress(13). 


Although the mechanism is still speculative, 


it is now generally accepted that the pituitary- 


adrenal axis is concerned in some fundamental 
way with the ability of the organism to re- 
spond to stress. A wide variety of unrelated 
stimuli such as heat, cold, tissue injury, 
hemorrhage, infections, the injection of bac- 
terial toxins, toxic chemicals, foreign proteins, 
epinephrine, thyroxine, and insulin have been 
found to augment the rate of secretion of 


EFFECT OF HORMONES ON GLYCOPROTEINS ee) 
TABLE I. Summary of Chemical Analyses. 
Group A B C D 
No. of animals 27 22 20 24 
Treatment None 10.0 mg 10.0 mg cor- 0.5 ml 
AOTH/day tisone/day  saline/day 
Avg wt before treatment 653 595 573 
Avg wt after treatment 620 622 597 
Total serum* polysaccharide (mg %) Ae Om imate ll OLS OtOr el oilese=t= 620) 
Mucoprotein* polysaccharide (mg %) AY em ilail 31-11 2 alt) 38 2.5 
Total serum* protein (g %) 5.4+ .08 5.2 .09 5.44 .10 49+ .09 
Total serum poly.*/Total serum protein 2.1+ .05 2.4+ .07 22+ .08 Diss ailik 
xX 100 (%) 
* Including stand. error of the mean calculated from the relation E,, — [sd2/(N(N-1))]# 
where ‘‘d’’ is the deviation from the mean and N the No. of observations. 
TABLE II. Statistical Comparison of Results. 
Difference 
between 
Determination Groups compared means DEY, t 12 
Total serum polysac- Normal (A) vs. ACTH-treated (B) 16 mg % 47 3.312) - <<i00 
charide ” cortisone-treated (C) 8 45 1.824 al 
<3 » ” saline-treated (D) 20 49 3.180 <.01 
Saline- treated (D) vs. ACTH-treated (B) 4 44 0,528 6 
»  *’ cortisone-treated (C) 12 42 1.608 2 
Mucoprotein polysac- Normal (A) vs. ACTH-treated (B) 2 mgy % 47 1.284 3) 
charide ” * eortisone-treated (C) 2 45 1.044 4 
# » ” saline-treated (D) 9 49 3.672 001 
Saline- treated (D) vs. ACTH-treated (B) 7 44 2.653 <.02 
»  *” eortisone-treated (C) 11 42 3.696 001 
Total serum protein Normal (A) vs. ACTH-treated (B) 22% 47 1.685 sil 
”» ” eortisone-treated (C) 0 45 0.000 — 
a ” » saline-treated (D) a) 49 4.123 001 
Saline- treated (D) vs. ACTH-treated (B) 8 44 2.385  <.05 
”  ” eortisone-treated (C) 5 42 3.616 001 
Total serum polysac- Normal (A) vs. ACTH-treated (B) 3 % 47 3.561 001 
charide — total ” —”  eortisone-treated (C) sit 45 1.144 3 
serum protein < 100 ss ” *” saline-treated (D) 6 49 5.136 O01 
Saline- treated (D) vs. ACTH-treated (B) a) 44 2ATS ) i<0o 
” * eortisone- owed (C) 53) 42 3.470 


pituitary adrenotrophic hormone(14). 


If the increased secretions of ACTH and 
adrenal cortical hormones following stress are 
responsible for the elevation of serum glyco- 
protein levels, then the administration of the 
hormones to normal animals might be ex- 
pected to cause an increase in the concentra- 
tions of the circulating conjugated proteins. 
The present investigation was undertaken to 
study the effects of exogenous ACTH and 
cortisone on the total serum glycoprotein, 
serum mucoprotein, and total serum protein 
levels of normal guinea pigs. Sterile 0.85% 
sodium chloride was administered to control 
animals in order to evaluate the stress effects 
of the injection procedure. 


Experimental. Male and female guinea 
pigs were maintained ad libitum on a diet of 
rabbit pellets plus greens, and tap water. In- 
jections of 5 mg ACTH,* 5 mg cortisone,+ 
and 0.25 ml of 0.85% saline were made intra- 
muscularly, at 12-hour intervals, for 11 days. 
After the final injection, the animals were 
bled by cardiac puncture, the sera separated 
and stored in the frozen state until the chem- 
ical analyses could be conducted. 


+ The ACTH (Actrope) employed in the investi- 
gation was obtained through the courtesy of Mr. 
S. S. Kingman and Mr. Richard C. Bruner, United 


Laboratories, Ltd., Pasadena, Calif. One mg of 
Actrope was equivalent to one U.S.P. unit. 
¢ Cortone acetate, Merck and Co., Rahway, N. J. 
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Total serum polysaccharide, mucoprotein 
polysaccharide and total serum protein were 
determined as previously described(2). The 
total serum polysaccharide and mucoprotein 
polysaccharide values were employed as in- 
dices of the levels of the total serum glyco- 
protein and serum mucoprotein, respectively. 
For comparative purposes, the data obtained 
from the serum analyses of normal, untreated 
animals and which have been previously re- 
ported(2) are included. The group means 
for all determinations were compared by the 
“t” test of Fisher(15). 


Results. The summary of the results of the 
chemical analyses and weight determinations 
is presented in Table I. A statistical com- 
parison is shown in Table II. Total serum 
polysaccharide. Statistically significant in- 
creases were observed when the means of the 
groups which received ACTH (B) and saline 
(D) were compared with the mean of the un- 
treated animals of Group A. The elevation 
that occurred in the cortisone-treated group 
(C) was not significant. No significant dif- 
ferences were found when the means of the 
groups administered hormones (B, C) were 
compared with the average of the saline- 
treated guinea pigs of Group D. The indi- 
vidual values within the group which received 
saline (D) exhibited a greater degree of varia- 
bility as indicated by the magnitude of the 
standard error of the mean. Mucoprotein 
polysaccharide. The serum mucoprotein 
values remained within the normal range for 
the groups administered ACTH (B) and cor- 
tisone (C). The guinea pigs of Group D, 
which received saline, exhibited a significant 
increase in mucoprotein polysaccharide when 
compared with the untreated animals of 
Group A. The serum mucoprotein content of 
the saline-treated group (D) also differed 
significantly from the means of the groups 
(B, C) which received injections of hormones. 
Total serum protein. A statistically signifi- 
cant decrease occurred in the total serum pro- 
tein content of Group D, which received saline 
(Table II). The mean of the cortisone- 
treated group (C) was identical with the 
average value of the untreated guinea pigs of 
Group A. Group B, which was injected with 
ACTH, exhibited a small, but non-significant 


decrease in total serum protein. Total poly- 
saccharide as % of protein. Highly signifi- 
cant increases were observed in the total 
serum polysaccharide levels with respect to 
the total serum protein in the ACTH (B) and 
saline-treated (D) groups. In the case of 
Group D, the increased percentage was due in 
part to the marked decrease in the amount of 
circulating protein. Weight. The weight re- 
sponses of the hormone-treated groups (B, C) 


were similar to those previously observed | 


in uninfected guinea pigs which received the 
dosages of ACTH and cortisone employed in 
the present study(16). The effect of saline 
administration approximated that of cortisone, 
causing a small retardation in the normal rate 
of growth. 


Discussion. Qualitative and quantitative 
differences have been observed with respect 
to total serum glycoprotein, serum mucopro- 
tein, and total serum protein following the ad- 
ministration of ACTH, cortisone, and saline to 
normal guinea pigs. The total serum glycopro- 
teins were elevated in the 3 groups which re- 
ceived injections, the increases being of 
statistical significance in the ACTH- and 
saline-treated groups. Serum mucoprotein 
values were within the normal range for the 
groups which received hormones, but were sig- 
nificantly elevated for the group administered 
saline. A significant hypoproteinemia was 
observed in the guinea pigs injected with 
saline. The decrease in the total serum pro- 
tein did not occur in the groups administered 
hormones. 

Since the concentrations of total serum 
glycoprotein and serum mucoprotein of the 
hormone-treated groups were less than the 
corresponding serum levels in the animals 
which received saline, the conclusion may be 
drawn that increased secretions of ACTH and 
cortisone are not directly responsible for the 
elevation of serum glycoprotein levels ob- 
served in many types of stress. 

The pattern of alterations in the serum 
components of the saline-treated guinea pigs, 
presumably due to the trauma and emotional 
stimuli of the injection procedure, was re- 
markably similar to the serum changes re- 
ported for patients with neoplasms(3) and 
tumor-bearing rats(4). The deviations from 
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the normal serum values observed in the 
saline-treated group were partially prevented 
by the administration of ACTH or cortisone. 
A homeostatic effect of the hormones was 
suggested since the concentrations of serum 
mucoprotein and total serum protein in the 
groups which received ACTH or cortisone, 
did not differ significantly from the corres- 
ponding values of the untreated control 
group. 

The studies reported above support in part 
the concept, emphasized by Roberts(17), that 
the primary role of the adrenal cortical secre- 
tions in protein metabolism is stimulation of 
the mobilization of tissue protein. Roberts 
(17) has demonstrated that the depression 
of total serum protein following partial 
hepatectomy in the rat may be prevented by 
treatment with ACTH or ACE. In the pres- 
ent investigation, the hypoproteinemia which 
followed the intramuscular injection of saline 
did not occur in the guinea pigs which re- 
ceived ACTH or cortisone. The data obtained 
from the total serum glycoprotein and serum 
mucoprotein determinations are not in com- 
plete agreement with this interpretation. If 
the labile protein-bound carbohydrates of 
tissues were released under hormonal influence 
as postulated above, greater concentrations of 
the conjugated proteins should be present in 
the sera of the hormone-treated animals than 
in the circulation of the guinea pigs which 
received saline. The observation that the 
serum glycoprotein and serum mucoprotein 
levels of the saline-treated group were higher, 
suggests that more than one physiologic mech- 
anism may be involved in the metabolism of 
the glycoproteins and the carbohydrate-free 
proteins of serum. 


Summary. The effects of intramuscular 
injections of ACTH, cortisone, and 0.85% 
sodium chloride on total serum glycoprotein, 
serum mucoprotein, and total serum protein 
levels of normal guinea pigs have been in- 
vestigated. Statistically significant increases 


in total serum glycoprotein were observed in 
the ACTH- and saline-treated groups. Serum 
mucoprotein values were significantly elevated 
and the total serum protein values signifi- 
cantly decreased in the group which received 
saline. The conclusion was drawn that in- 
creased secretions of ACTH and cortisone are 
not directly responsible for the elevated total 
serum glycoprotein and serum mucoprotein 
levels following stress. 
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Bacterial Oxidation of Salicylate and Related Antirheumatic 


Phenolic Acids.* 
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and the Presbyterian Hospital, New York City. 


In the course of tests of various antibiotic 
and bacteriostatic agents for their toxicity to 
Daphnia(1), it was shown that when the ani- 
mals were placed in watery solutions of the 
test materials and were otherwise starved they 
generally survived at best not more than 2 
weeks. A notable exception was observed in 
experiments with salicylates. Daphnia regu- 
larly lived for several weeks, and often multi- 
plied, in M/1000 solutions of salicylate. 
Inasmuch as this substance acts for the most 
part as a protoplasmic poison, the mechanism 
of its beneficial effect in this instance was not 
immediately apparent but has since been 
traced to the presence of bacteria which served 
as food for Daphnia and proved to be capable 
of growth in media containing as much as 
M/10 salicylate as the sole carbon source. 
It was found that entirely similar micro- 
organisms could be recovered readily at any 
time from dilute solutions of salicylate and 
ammonia allowed to stand open at the window 
for a day or two. 


Interest in the systematic study of these 
bacteria stems in large part from the possi- 
bility that their biochemical activities might 
provide information about the metabolic fate 
of the phenolic acids used clinically as anti: 
rheumatic drugs, viz.: salicylate, gentisate, 
and 2:3-dihydroxybenzoate(2). This report 
concerns an attempt to apply to the problem 
some of the principles and methods developed 
in recent years by Stanier(3,4), Happold(5), 
Evans(6), and others(7-9), for analysis of 
bacterial fission of other aromatic compounds. 


Materials and methods. The bacteria 
used, designated arbitrarily as strains 929A 
and 616, are Gram-negative aerobic bacilli 
capable of vigorous growth at 20°C on simple 
media and in a wide variety of substrates, 


* This study was supported by a grant from the 
U. S. Public Health Service (G-3206). 
t American Cancer Society Fellow. 


including citrate. The media contained M/15 
phosphate buffer pH 6.5, 0.1% NaCl, 0.1% 
ammonium sulfate, 0.05% | MgSO,° 7H2O, 
and Fe SO, 10% w/v. After this solution was 
autoclaved, the aromatic substrates, sterilized 
by filtration, were added to a final concentra- 
tion of 0.1%. Strain 929A grew well on salicy- 
late and gentisate and was used for the studies 
of the oxidation of these compounds. It did 
not, however, grow on 2:3-dihydroxybenzoic 
acid.+ Strain 616 was recovered from a solu- 
tion of 2:3-dihydroxybenzoic acid allowed to 
stand open for several days. When isolated in 
pure culture it was found to grow well only if 
pantothenate was added in trace amounts. 
For the cultivation of strain 616, therefore, 
pantothenate was added to the media in a con- 
centration of 10° w/v. 
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FIG. 1. Oxidation of salicylate, catechol, and pro- 
tocatechuie acid by strain 929A grown on salicyl- 
ate. 


+ The Smith, Kline and French Co. kindly supplied 
the 2:3-dihydroxybenzoate, 
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2. Oxidation of gentisate, catechol, protocatechuate, and 


homogentisate by strain 929A 


grown on gentisate. 


The manometric measurements were carried 
out according to the methods of Stanier(3), 
using washed bacteria harvested after 24-48 
- hours’ growth on agar plates at 20°C. The 
bacteria were suspended in M/15 phosphate 
buffer pH 6.0 to a standard optical density. 
The Warburg vessels contained in the main 
compartment 2.0 ml of bacterial suspension, 
in the side arm 0.2 ml of .01 M substrate. 
Oxygen uptake was measured in air at room 
temperature 23-25°C for about 90 minutes. 

Qualitative chemical tests were made on 
filtered aliquots of liquid media. The reaction 
for @-diketones was carried out with the re- 
agents of Witter, Snyder, and Stotz(10), 
while the amounts of gentisate were estimated 
from the color developed upon addition of 
Folin’s uric acid reagent(11). 

Results. The pattern of simultaneous 
adaptation for organisms grown on salicylate 
is shown in Fig. 1. The rate of oxidation of 
salicylate is equalled and even a trifle ex- 
ceeded, by the rate of oxidation of catechol. 
At the same time, protocatechuate is oxidized 
very slowly. 

It is important at this point to note the 
essentials of Stanier’s(3) postulates: 1) If 
the dissimilation of A proceeds through a 
series of intermediates, B, C, D, etc., and 
if the individual steps in this chain of re- 
actions are under adaptive enzyme control, 


then growth on A will produce cells simul- 
taneously adapted to A, B, C, D, etc. 2) If 
growth on A fails to adapt the cells to X 
then X cannot be a member of the reaction 
chain. 3) Growth on C adapts to D but not 
necessarily to A and B. 

Applying these ideas here (Fig. 1), it ap- 
pears that organisms grown on salicylate are 
simultaneously adapted to catechol, which 
thus becomes a probable intermediate in the 
reaction chain. On the other hand there is 
no adaptation to protocatechuate. Other sub- 
strates, not shown in Fig. 1, to which salicy- 
late-trained bacteria demonstrated no adapta- 
tion included gentisic acid, homogentisic acid, 
gallic acid, and pyrogallol. It appears, there- 
fore, that the most probable pathway of sali- 
cylate oxidation is in this instance through 
catechol. Indeed, it has been suggested (4b) 
that bacterial oxidation of salicylate might in- 
volve its transformation to catechol, though 
an experimental demonstration of this has 
apparently been lacking. 

Bacilli grown on gentisate showed no 
adaptation to catechol, protocatechuate, or 
homogentisic acid (Fig. 2). Nor did they 
oxidize hydroquinone. Entirely similar nega- 
tive findings were obtained when strain 616 
was grown on 2:3-dihydroxybenzoic acid and 
tested for its adaptation to possible interme- 
diates (Fig. 3). It therefore appeared that 
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FIG, 3. Oxidation of 2:3-dihydroxybenzoate, protoecatechuate, catechol, and gentisate by strain 
616 grown on 2:3-dihydroxybenzoate. 


the oxidation of gentisate and of 2:3-dihy- 
droxybenzoic acid did not follow any of the 
pathways yet described for aromatic com- 
pounds. It was then hypothesized that the 
oxidation here might involve simultaneous 
rupture of the aromatic ring as in the case of 
homogentisic acid(12-14) with production 
from gentisate of a straight-chain -diketo- 
dicarboxylic acid, C;7H¢QOs. 

Accordingly, qualitative chemical tests were 
performed to see if any support for this idea 
could be found. Liquid media containing 
gentisate as substrate were inoculated with 
strain 929A and examined ‘at intervals there- 
after. It could be shown that as gentisate 
disappeared there developed some substance 
or substances forming an orange precipitate 
on addition of 2:4 dinitrophenylhydrazine in 
acid solution. Most interesting, however, was 
the appearance of a reaction with o-phenylene- 
diamine. This was maximal after some 96 
hours of bacterial growth, and consisted of 
2 distinct visible phases. On addition of 
filtered medium to an equal part of the 
o-phenylenediamine reagent(10), a purple 
precipitate settled out slowly. The super- 
natant separated from this had the reddish 
tint which is characteristic of the reaction of 
B-diketones(10). Efforts to isolate the sub- 
stances giving these reactions are incomplete; 
it has been difficult to separate them from 
gentisate because of its similar solubility 
properties. It would clearly be premature to 


suggest more than that the findings are con- 
sistent with the presence. of ketones, including 
8-diketones, and that these could well be 
products of the oxidation of gentisate. The 
possibility. was considered that they are not 
such, but are instead the result of bacterial 
synthesis. However, media containing other 
substrates, e.g., salicylate, were examined in 
the same fashion and showed no comparable 
reaction with o-phenylenediamine. 

Preliminary tests of media containing 2:3- 
dihydroxybenzoic acid and inoculated with 
strain 616 give findings entirely similar to 
those obtained with gentisate, and suggest 
again the formation of 6-diketones. 

Discussion. Insofar as the specific problem 
of the metabolic fate of antirheumatic sub- 
stances is concerned, the demonstration that 
salicylate may be oxidized to catechol prob- 
ably has little or no significance. For, in the 
first place, it is not known that this reaction 
can occur in man, although it is said that 
catechol appears in the urine of horses(15). 
Secondly, gentisate, an effective antirheumatic 
agent, appears not to be oxidized to catechol 
by bacteria; its chemical configuration makes 
it likely that this would also hold true for 
mammalian tissues. 

On the other hand, it has been known for 
many years that in man administered salicy- 
late is oxidized in part to gentisate(16). The 
possibility exists, therefore, that gentisate or 
some oxidation product of gentisate could be 
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ultimately responsible for the antirheumatic 
activity of salicylate. Therefore, the finding 
by the method of simultaneous adaptation that 
gentisate is not oxidized through any pathway 
known for other aromatic substances, e.g., via 
catechol, protocatechuate, or homogentisate, 
introduces the necessity of searching out other 
likely intermediates, including straight-chain 
keto-acids. Indeed, if the oxidation of gen- 
tisate were quite analogous to that of homo- 
gentisate one would expect the production of 
a B-diketo-, dicarboxylic acid, C;7H,O.5. The 
qualitative chemical tests carried out so far 
indicate that such a reaction is entirely 
possible. : 

A search through the chemical literature 
has failed to turn up any helpful information 
on this score: fumarylpyruvic acid may exist 
but it has not been synthesized or isolated 
from natural sources, and must therefore re- 
main for the time being a hypothetical inter- 
mediate in the oxidation of gentisate. The 
problem of the isolation and identification of 
‘the oxidation products in the bacterial sys- 
tem must next be undertaken. It may later 
be possible to apply the findings to a study 
of gentisate oxidation in man. 

Summary. 1. The oxidation by bacteria of 
salicylate, gentisate, and 2:3-dihydroxyben- 
zoate has been examined with the technic of 
simultaneous adaptation. 2. Catechol ap- 
pears to be an intermediate in the oxidation 
of salicylate. 3. Organisms grown on genti- 
sate and 2:3-dihydroxybenzoate show no 
adaptation to any likely known intermediates. 
4. It is suggested that the oxidation of genti- 
sate may be analogous to that of homogenti- 


Glucosamine and Leukemia.* 


sate, with formation of a straight-chain 
8-diketo-dicarboxylic acid. 


The authors also wish to thank Drs. K. Meyer and 
C. Ragan for many helpful suggestions and some of 
the chemicals, and Dr. J. MacLennon for advice in 
bacteriology. 
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Recently Quastel and Cantero(1) reported 
an inhibition of mouse sarcoma 37 by gluco- 
samine. The rationale of their study was as 
follows. Hexokinases are able to phospho- 


* Supported in part by the P. C. Pinson Fund. 


rylate glucosamine in vitro(2,3), the reaction 
being competitive with glucose. Tumors, pre- 
sumably being particularly dependent on gly- 
colytic energy sources, might be selectively 
influenced by a glucosamine block of glucose 
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utilization and concomitant diversion of 
adenosine triphosphate. 

Regardless of the mechanism, there was a 
striking inhibition of the rate of growth of the 
mouse tumor which was associated with con- 
vincing morphological cellular damage and an 
increase of liver catalase over non-treated 
controls. In view of these results it was 
decided to test the effect of glucosamine in 
human leukemia. 

Results and discussion. Glucosamine was 
purchased from Eastman or prepared from 
local lobster shells(4). Both preparations 
were purified by repeated charcoal treatment 
and crystallization from aqueous alcohol and 
from water. The resulting snow white crys- 
tals gave theoretical reducing values. The 
compound was administered orally in 0.5 g 
capsules in divided doses, starting with 1-2 g 
a day and increasing in 3 or 4 days to as much 
as 20 g per day. Table I summarizes the 
hematological findings and the dosage ad- 
ministered. 

Except for occasional mild gastric irritation 
there was no demonstrable toxicity referable 
to the glucosamine itself. The metabolism of 
the compound is poorly understood. It has 
not been found in the urine after large doses 
in man(5). We were not able to demonstrate 
it in the urine in significant amount as reduc- 
ing material, although it possibly was present 
in conjugated form. 

In this limited series of cases there was no 
favorable influence of the glucosamine on the 
course of the leukemia. 

It should be emphasized that a highly 
purified glucosamine was employed in this 
experiment. As a hydrolytic product of the 


polysaccharide, chitin, it is not unlikely that 
impure products contain variable amounts of 
hexosamine polymers. It is also conceivable 
that such polymers might possess oncolytic 
activity. Pertinent are the cytotoxic effects 
of small amounts of bacterial polysaccharides 
containing glucosamine(6,7). The early ob- 
servation of glycogen inhibition of rat sar- 
coma(8) may also be mentioned. 


A lack of effect on leukemia does not neces-: 
sarily indicate that glucosamine will not in- 
fluence other forms of malignancy. 


Summary. Highly purified glucosamine at 
dose levels as high as 20 g per day for several 
days did not influence the course of one 
patient with acute lymphocytic, one with 
acute histiomonocytic, one with chronic mye- 
locytic and 2 with chronic lymphocytic 
leukemias. 
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Quantitative Assay of Melanophore-Expanding Property of Preparations of 


ACTH and Corticotropin B. 


(20535) 


Ropert B. STEBBINS AND GorpoN B. THomas. (Introduced by Hans Molitor) 
From the Merck Institute for Therapeutic Research, Rahway, N. J. 


In the past the melanophore-expanding 
property of anterior pituitary and median lobe 
preparations has been estimated in frogs or 
on excised frog skin and was attributed to a 
hormone termed “intermedin’’ (1,2). Recent 
studies have cast doubt upon the existence of 
“intermedin” as a separate entity and it has 
been suggested that ACTH and “‘intermedin” 
are identical(3,4). The present experiments 
demonstrate that the melanophore-expanding 
activity of preparations of ACTH can be 
quantitatively assayed on the amputated tad- 
pole tail. Among the several preparations 
used in studying this procedure was Cortico- 
tropin B, previously shown to exert potent 
melanotropic and ascorbic acid depleting 
activity (5). 

Materials and methods. Tadpoles (R. 
clamitans; 4 mm hind limb stage) were ob- 
tained from a commercial source and main- 
tained in spring water in white enameled pans. 
To assure maximal contraction of the tail skin 
chromatophores, the tadpoles were exposed to 
artificial white light for 9 hours per day for a 
period of at least 3 days. A diet of boiled 
spinach was supplied daily. 

Weighed samples of the ACTH prepara- 
tions to be assayed were diluted to the appro- 
priate concentration in amphibian saline 
(0.7% NaCl) and immediately placed in 
small covered Petri dishes. The Provisional 
USP Corticotropin Reference Standard was 
used as a standard for melanophore-expanding 
activity and was arbitrarily assigned a melano- 
phore-expanding potency of 0.005 unit per 
mg. All results have been expressed in terms 
of this arbitrary unit. The USP Corticotropin 
Standard was diluted to contain 0.08 to 0.0009 
melanophore-expanding unit per ml. Within 
this concentration range the log dose-response 
curve was essentially linear. 

The tadpole tails were amputated and im- 
mediately immersed in the test solutions for 
30-40 minutes. They were then removed, 
gently blotted and scored under the micro- 
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MEAN MELANOPHORIC SCORES 
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FIG. 1. Dose response curves; USP corticotropin 
Standard and Sample II (Tables I and III). 


scope (100x) for the degree of melanophore- 
expansion. The scoring procedure was pat- 
terned after that of Langrebe and Waring 
(6,7). In this system the unexpanded melan- 
ophore was assigned a score of 1; the fully 
expanded, multipolar structure was assigned 
a score of 5. Intermediate scores (2, 2%, 
3, 3%, etc.) were given to the partially ex- 
panded, asteroid melanophores depending 
upon their degree of extension. This pro- 
cedure is one of reasonably satisfactory pre- 
cision under the conditions employed. Ac- 
cording to Thing(8) measurements of melano- 
phoric expansion obtained with a photoelectric 
cell yielded no better results than subjective 
scoring. 

Results. Fig. 1 shows the log dose response 
curves plotted from the data (melanophore 
indices) recorded in Table I. The Analysis 
of Variance (Table II) indicates that these 
2 dose response curves are essentially parallel 
and that the slight curvature is not significant. 
The potency of the unknown relative to the 
standard, calculated by the procedure given 
by Bliss(9), was 58 + 12 units per mg. 

The results of 6 assays performed by this 
method are shown in Table III. 

Summary. 
amputated tadpole tails expand when placed 
in solutions of ACTH. An assay for rapid 
estimation of this melanophoré-expanding 
activity of ACTH preparations has been de- 
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TABLE I. Melanophorie Indices Observed in Iso- 
lated Tadpole Tails; 35 Min. of Immersion (Avg 
of 2 Readings per Tail). 


TABLE IIT. Melanophoric Potencies of 5 Cortico- 
tropin Preparations (Units/mg). 


Ascorbic acid 


Conc., Melanophorie depletion 
units/ml Standard Unknown Sample potency potency 
08 3.75 3.50 I Qa i) 3) 
4.00 3.25 TIE 58 + 12 160 
4.00 4.00 IDEAL 58 + 12 60 
4.00 2.75 IV ee 8) 60 
4.00 3.50 V IOs <3} 9) 
Su = 19.75 Uy = 17.00 Val* 269 + 48 163 + 141 
-018 3.50 2.00 * ‘orticotropin- 
3 95 560 Sample of Corticotropin-B. 
2.75 1.75 é ont 
3.00 2.75 expanding activity and was also the most 
: S00 1.50 potent in causing adrenal ascorbic acid 
Yy = 5.50 = 10.00 depletion. 
004 2.25 1.50 
5 i 
ee eee 1. Hogben, L. T., and Winton, F. R., Biochem. J., 
1.50 1.75 1922, v16, 619; Proc. Roy. Soc. London, Ser. B., 
IOO 2 1.00 1922, v93, 318; 1922, v94, 151; 1923, v95, 15. Brit. 
Sru= 9.0 UL= 6.25 J. Exp. Biol., 1924, v1, 249. | 
2. Zondek, B., J.4.M.A., 1935, v104, 637. 
: TABLE Il. 3. Johnsson, S., and Hogberg, B., Nature, 1952, 
Analysis of Variance (Melanophorie Indices). v169, 286 
—— ? - 
Variation 4. Sulman, F. G., Vet. Med. Quart. of Israel Vet. 
due to: df ms Med. Assn., 1952, v9, 31; Nature, 1952, v169, 588., 
Samples i 4.03* 5. Winter, C. A., Brink, N. G., and Folkers, K.., 
Slope rf 93.11+ Proc. Soc. Exp. Brot. anp Mep., 1953, v82, 365. 
ees ; 5 6. Longrebe, F. W., and Waring, H., Quart. J. Exp. 
urvature E ; 
oe ou a6 Physiol., 1944, v33, 1. 


* Highly significant source of variation. 
+ Very highly significant source of variation. 


veloped, using USP corticotropin as the Ref- 
erence Standard. All ACTH preparations 
tested showed this activity. Corticotropin B, 
the most highly purified preparation available, 
showed the highest degree of melanophore- 


7. Hormone Assay; edited by C. W. Emmens, 
Academic Press Inc., New York, 1950, Chapt. VI, 
141. 

8, Thing, E., Acta Endocrinol., 1952, v11, 74. 

9. Bliss, C. I., Statistical Methods in Vitamin Re- 
search (Vitamin Research), v2, edited by Gyorgy; 
Academic Press, N. Y., 1951. 
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Effect of Adrenal Cortical Extract and Steroids upon Glucose Tolerance 


of Eviscerated Rats. 


(20536) 


DwicuT J. INGLE, JAMEes E. Nrezamis, AND Leo M. HUMPHREY. 
From the Research Laboratories, The Upjohn Co., Kalamazoo, Mich. 


The data of this study support the conclu- 
sions of an earlier report(1) that adrenal 
cortical extract inhibits the tolerance of the 
eviscerated rat for intravenously administered 
glucose. Cortisone and hydrocortisone are 
less effective. 


General details have been pub- 
lished(1,2). Male rats were eviscerated at 
250 + 2 g weight. Each rat received by 
continuous intravenous injection 20 cc per 24 
hours of a solution containing glucose, 4 units 
of regular insulin, 10,000 units of penicillin 


Methods. 


46 CorTICOIDS AND GLUCOSE TOLERANCE 


TABLE I. Effect of Adrenal Cortical Hormones upon Level of Blood Glucose in Hviscerated 


Rat. Averages and standard errors. 
eee eS he A eS 
Glucose 
Duration, Cortical Dose, load, : Blood glucose, 
Exp. hr hormone 24 hr mg/100/hr No. rats mg % 

aa Controls igegtee 40 12 91+ 9.8 
24 ACE 20 c¢ 40 12 141 + 16.4* 
24 Controls 0 44 2 86 + 12.9 ; 
24 ACE DOW 44 2 168 + 29.0* 
24 Controls 0 48 ie 164 + 20.1 
24 ACE PAg 48 12 251 + 30.1* 

2 24 Controls 0 44 D2 110 + 5.8 
24 Cortisone 4 meg 44 He 127+ 8.0 
24 Hydrocortisone 4a? 44 D2 128 + $8.2 

3 48 Controls 0 44 35 187 + 15.6 
48 Cortisone Aye 44 36 191 + 15.0 
48 Hydrocortisone 4” 44 35 223 4. 16.1 

4 24 Controls 0 44 24 105 228.1 
24 ACE 20 e¢ 44 24 174 + 17.2* 
24 Hydrocortisone 2mg 44 24 109+ 4.8 


*The difference between this avg and that of the corresponding control group meets the 


usual requirement for statistical significance. 


and 5 mg of streptomycin with and without 
adrenal cortical extract (ACE) or non-esteri- 
fied steroids. The ACE was derived from 
mixed hog and beef adrenal glands and repre- 
sented 20 glycogen units(3) per rat per 24 
hours which is the activity equivalent of 2 
mg of hydrocortisone. Temperature was con- 
stant at 26.5 + 0.5°C. The glucose load is 
expressed as mg of glucose per 100 g of rat 
per hour (mg/100/hr). The level of blood 
glucose was determined(4) on jugular vein 
blood at the end of the experiment. 

Experiments and results. The data are in 
Table I. Comparisons of rats with and with- 
out adrenal cortical hormones were made 
simultaneously in each experimental group. 
The administration of ACE was associated 
with a significant elevation of the level of 
blood glucose above that of the controls 
(Exp. 1 and 4); each of the 2 steroids failed 
to cause a significant elevation in the level of 
blood glucose under these conditions (Exp. 
26, and). 

Discussion. ACE can affect the glucose 
tolerance of the eviscerated rat given insulin 
but cortisone and hydrocortisone are either 
ineffective or relatively weak in this respect. 
In the non-eviscerated rat the diabetogenicity 
and the glycogenic potency of 4 mg per day 
of either steroid is much greater than that of 


20 cc of ACE. Does the effect of ACE upon 
the glucose tolerance of the eviscerated rat 
represent some physiological function of the 
cortical hormones? Is this effect due to the 
presence in ACE of some hormonal principle 
other than either cortisone or hydrocortisone, 
or is it due to some non-hormonal contami- 
nant? The results of this study may relate 
to the observation(5) that adrenal cortical 
extract modifies the hexokinase reaction, 
whereas cortisone fails to do so. It has been 
considered possible that these steroids undergo 
some bio-conversion in the liver before they 
become physiologically active, yet, each of 
these steroids, as well as ACE, has a positive 
effect upon the ability of the adrenalecto- 
mized-eviscerated rat to work(6) and corti- 
sone will raise the level of plasma amino acids 
in such animals(7). The biological respon- 
siveness of the eviscerated rat to adrenal cor- 
tical hormones is, in our experience, sluggish 
and feeble as compared to that of non-evis- 
cerated rats. The role of liver in adrenal 
cortical physiology is not clear. 

Summary. Eviscerated rats were each 
given continuous intravenous injections of 20 
cc per 24 hours of solutions containing glucose, 
insulin, and antibiotics with and without ad- 
renal cortical hormones. Adrenal cortical 
extract caused a significant elevation of blood 
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glucose above the average value for control 
animals but cortisone and hydrocortisone were 
relatively ineffective. 
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(Introduced hy Monroe E. Freeman.) 


From the Departments of Biochemistry and of Hepatic and Metabolic Diseases, Army Medical 
Service Graduate School, Walter Reed Army Medical Center, Washington, D.C. 


The literature contains many references to 
the hypersideremia of acute hepatitis(1), and 
in the past year additional papers have ap- 
peared(2-6). Histochemical studies of liver 
biopsy sections have revealed an increased 
deposition of ‘‘stainable-iron” in the liver in 
acute hepatitis(7-9). None of the studies 
have to date been concerned with an attempt 
to locate the responsible metabolic defect. 
Previously proposed theories attempting to 
explain the disturbance have been either con- 
trary to accepted theories of iron metabolism, 
or have lacked any strong evidence in their 
behalf(1). The aberration in iron metabolism 
may result from a disturbance in the function 
of: (a) deposition (storage) of iron in the 
liver, (b) utilization of iron (red cell produc- 
tion), (c) excretion, or (d) absorption of iron. 
In this study, the turnover of intravenous 
radioactive iron®® has been made in 8 patients 
with acute viral hepatitis. Similar studies in 
5 normals, one patient with refractory anemia, 
and one patient with hemolytic anemia have 
been included for comparison. 


Methods. The studies were carried out in 
a manner similar to the procedure described 
by Huff(10,11), except that the iron was made 
up in 2% sodium citrate. Between one to 6 


* Present address: Clinical Center, National Insti- 


tutes of Health, Bethesda, Md. 


pe and 5 to 30 ug of iron was used. The pro- 
cedure was carried out in the morning after a 
12-hour fast. Serum iron samples were taken 
at the time of injection and analyzed for non- 
radioactive iron(12). Samples of plasma and 


Aplastic Anemia 
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FIG. 1. Disappearance radioactive iron from 


plasma following intravenous injection. 
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red cells were analyzed for iron®® by a pro- 
cedure described previously(13). Tests of 
liver function were carried out by methods 
previously referred to(1). Blood samples 
were taken 14, 1%, 214, 3%, and 4% hours 
after injection iron®® and the radioactivity per 
ml plasma determined. Plasma volumes were 
determined by extrapolating the curve of 
plasma clearance of injected iron®® to zero 
time, and dividing the concentration of iron”? 
at this point into the amount of iron®® in- 
jected. Blood was taken at 4, 7, 10, and 15 
days for determination of the iron®® incor- 
porated into the red cells. Counting rates 
per ml plasma were plotted versus time on 
semilogarithmic paper (Fig. 1). The rate of 
removal of iron®® from the plasma (plasma 
iron rate constant) was computed by dividing 
the natural logarithm of 2 by the half time 
of disappearance as obtained from Fig. 1. 
The mg plasma iron turned over per day, per 
kilo body weight was determined as follows 
Chig=2)): 


(plasma Fe rate constant) X (24 hr) x 
(ug Fe/ml plasma) & (plasma vol) 


(1000 ug/mg) X wt kilos 


Fe TURNOVER RATE, mg/kilo/day 
S 
1 


Wen Oa 5 Ti AGaoOw te 14 15 


10 13 8 Il 


CASE WO, 


FIG, 2. Plasma iron turnover rate, mg/kilo/day. 


The iron turnover in the red cells (mg/kilo/ 
day) was computed as follows (Table I): 

Fe® red cells 

—__—__—— X plasma Fe turnover. 
Fe® injected 


The fraction of the red cell iron turned over 
per day (% red cell mass turned over per day, 


Table I) was determined by first multiplying 
the red cell volume by the amount of iron 
contained in one ml red cells (1 mg Fe/ml 
packed red cells). 

Results and discussion. In 4 of the 8 cases 
(Nos. 8-11) the turnover studies were done 
at the time of maximal sideremia (usually at 
a point when the serum bilirubin begins to 
fall(1)). In Case No. 7 the study was done 
at the time of maximal bilirubinemia and at 
a time when the patient had a normal serum 
iron, but subsequently developed a mild hy- 
persideremia. Patient No. 6 was studied 
prior to the time of maximal bilirubinemia 
and sideremia, but also subsequently devel- 
oped a mild hypersideremia. Case No. 12 was 
studied on the 25th day after the onset of 
icterus, and 19 days following maximal bili- 
rubinemia, at a time when the serum iron and 
bilirubin were only slightly elevated. Case 
No. 13 had a long-standing recurrent “‘cholan- 


giolitic” hepatitis with a serum bilirubin main- © 


tained around 9 mg %, and.on occasion was 
found to have a hematocrit as low as 38%. 

Plasma iron rate constant. In the patients 
with hepatitis there was considerable variation 
in the rate constant and in the half-time of 
disappearance of the iron (Fig. 1); however, 
in 4 of the 8 cases these values were greater 
than the normals. In the 5 normals the 
plasma iron turnover rate constant was 
around 0.35, except in No. 5 with a value of 
0.22. This was associated, however, with a 
high normal serum iron level. 

Plasma iron turnover rate. The plasma 
iron turnover rate in terms of mg per kilo per 
day averaged 0.42 mg in the normals (26 to 
37 mg per day). In the patients with hepa- 
titis the turnover in mg per kilo per day was 
in all cases higher (40 to 115 mg per day) 
than the normal range (Fig. 2). The much 
higher rates of iron turnover in these patients 
in the absence of greatly increased turnover 
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TABLE I. Radioactive Iron Turnover Studies. 


Red cell Fe 
Plasma Fe, Plasma Redcell turnover, % red cells Day Max. serum 
Case No. ug/ml vol, L vol,L mg/kg/day turned over/day  icterus bilirubin 
Normals 

1 1.4 3.0 2.8 387 aia Normal 

2 1.5 2.5 2.2 40 1.22 S 

3 1.3 3.0 2.9 .30 .86 2 

4 ee 2.6 2.3 33 92 * 

5 19 3.0 2.6 34 1.04 # 

Acute hepatitis 

6 1.5 2.5 2.6 51 1.34 5 

7 uafh 3.0 2.8 63 1.54 1S 12.0 

8 3.2 2.5 2.2 1.67 5.00 10 (fet 

9 2.4 2.3 1.8 OT 1.83 11 6.5 
10 3.3 2.6 3.2 1.35 2.40 12 32.0 
11 3.1 27 2.4 -60 2.04 13 11.0 
12 2.2 2.6 2.5 49 1.44 25 29.0 
13 2.8 2.5 2.0 1.70 5.00 9.6 

Acquired hemolytic anemia 
14 1.2 2.8 1.2 
Refractory anemia 

15 2.6 2.9 1.5 .04 Alla 


The blocked-in figures are calculated on the assumption that iron® cleared from the plasma 


goes directly to erythrogenice sites. 


rate constants and disappearance times is the 
consequence of the higher serum iron levels. 


Red cell uptake. In the normals and the 
patients with hepatitis there was no significant 
difference in the % of the administered iron 
that was taken up by the red cells at 10 to 15 
days, and no measurable difference in the 
speed of uptake. 
to 95% was utilized for the production of 
hemoglobin after 2 weeks. 

This study indicates that the iron is cleared 
from the plasma of patients with acute hepa- 
titis faster than normally, and that more than 
70% of the iron cleared appears in the red 
cells in 10 to 15 days. Three possible ex- 
planations for this rapid turnover appear 
likely: 

1) Increased red cell (hemoglobin) produc- 
tion. Following intravenous administration 
of iron®*® there is a maximum concentration 
in the marrow after one day(14). Presum- 
ably all of this iron will be released from the 
marrow and appear in the peripheral blood by 
about 2 weeks—70 to 95% of the intraven- 
ously administered dose in normals(15,16). 
Therefore, the rate of clearance of iron from 
the plasma is presumed to be an index of the 
rate of red cell production(10,11,17-19), vzz.: 


In both groups between 70: 


(a) conditions that inhibit erythropoiesis slow 
iron turnover—irradiation, nitrogen mustard, 
increased alveolar oxygen tension, aplastic 
anemia, (b) conditions associated with in- 
creased red cell production increase iron 
turnover—altitude and primary polycythemia, 
and hemolytic syndromes. In the patients 
with hepatitis more than 70% of the plasma 
iron cleared was used for hemoglobin produc- 
tion—0.49 to 1.7 mg per kilo per day (Table 
I). If this rapid turnover rate of plasma iron 
is the result of an increased utilization of iron 
for hemoglobin production, then a greater 
than normal % of the red cell mass is re- 
newed per day—1.34 to 5% (Table I). In the 
presence of a constant hematocrit (red cell 
mass) this would indicate an increased rate 
of red cell destruction, and thus a shortened 
red cell survival time. 

2) Increased clearance by the liver, or some 
other tissue or iron “pool”. These data do not 
conclusively establish that all of the iron 
cleared from the plasma in the first day and 
eventually used for hemoglobin production 
(70-95%) went directly to the bone marrow. 
It might be postulated that there is a greater 
than normal clearance by the liver (non- 
erythrogenic), and a slower release to the 
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marrow, but not slow enough to depress the 
rate of uptake in the red cells, or the final 
concentration in the red cells(20). 

3) Increased excretion. Analyses of the 
stools (3 to 4 days) and urine (24-48 hours) 
were made following the injection of the 
iron(21). In the normals and hepatitis cases 
the excretion of the iron®? in the gut was 
infinitesimal (0.15-0.35% of the injected 
dose). In most of the hepatitis cases the 
urinary excretion was 2 to 10 times normal 
(normal—0.01 to 0.05% of the injected 
dose). However, this represented only a trace 
of the amount administered and could not 
have accounted for the increased rate of dis- 
appearance of iron®? from the plasma. 

Iron-binding capacities of the sera as done 
by a modification of the procedure of Rath 
and Finch(22) have failed to show greatly 
increased saturation of the iron-binding pro- 
tein in these patients with hepatitis, and thus 
there should have been no failure of the in- 
jected iron’? binding to the iron binding 
globulin. 

Summary. Radioactive iron” injected in- 
travenously disappears from the plasma of 
patients with hepatitis faster than normally. 
Seventy to 95% of this administered iron 
appears in the circulating red cells in 2 weeks. 
This increased plasma clearance of iron is not 
the result of increased excretion of the radio- 
active iron by the kidneys or gastrointestinal 
tract. It is suggested that this increased 
plasma iron turnover may be related to in- 
creased red cell production. 


The author is grateful for the clinical facilities 
extended to this project by Dr. Victor Sborov, 
Director of the Department of Hepatic and Metabolic 
Diseases. 
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Experimental Histoplasmosis, I. Methods for Production of Histoplasmosis 


in Dogs.* 
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From the Department of Veterinary Pathology, College of Veterinary Medicine and Department 
of Medicine, College of Medicine, Ohio State University, Columbus. 


The production of histoplasmosis in dogs 
by respiratory routes of infection has not 
been reported. De Monbreun(1), who first 
described histoplasmosis in dogs, reproduced 
the disease in 3 puppies by the intraperitoneal 
inoculation of the yeast phase of Histoplasma 
capsulatum in 2 and citrated blood from an 
infected dog in the third. Feeding of mycelial 
and yeast phase mixtures produced no marked 
clinical disease although evidence of infection 
was observed histologically in 6 dogs. Ruhe 
and Cazier(2) produced the disease in 4 out 
of 5 dogs by the severe and unnatural pro- 
cedure of inoculation of yeast cells directly 
through the thoracic wall into the lung paren- 
chyma. Cross(3) was unable to produce fatal 
disease by the intratracheal, oral, intramus- 
cular, or intravenous inoculation of yeast 
phase H. capsulatum. No gross lesions were 
seen at necropsy of inoculated animals al- 
though lesions containing organisms were 
later demonstrated microscopically. 


It is the purpose of this report to describe 
the comparative effect in dogs of the yeast 
and mycelial phases of H. capsulatum intro- 
duced by the respiratory or gastrointestinal 
routes and the effect of cortisone on infection. 


Materials and methods. The 45 dogs used 
in these experiments were vaccinated against 
canine distemper. During a pre-inoculation 
period of at least 2 weeks, all dogs were found 
to have negative chest x-rays, histoplasmin 
skin tests and collodion agglutination tests(4). 
Baseline cultures of blood, urine, feces, gastric 
washings, and biopsied mesenteric lymph 
nodes were negative for fungi. Clinical ex- 
aminations were continued throughout the 
observation period. Each of the 19 dogs in 
Exp. I was inoculated (9 gastric and 10 


* This investigation was supported in part by a 
research grant from the National Institute of Health, 
Public Health Service. 


tracheal) with a total of 8 ml of packed my- 
celial growth.t The first inoculation of one 
ml was repeated on the 35th day and. was 
followed by 2 ml doses. on each of. the 75th, 
77th, and 79th days. The inocula for 9 dogs 
(4 gastric and 5 tracheal) and that for 10 
dogs (5 gastric and 5 tracheal) were sus- 
pended in 5% hog gastric mucin(5) and 
physiologic saline, respectively. All inocula 
in these studies were suspended in 3 ml of 
the respective menstruums. 

Each of 16 dogs in Exp. II received 2 ml of 
packed yeast phase H. capsulatum. Eight dogs 
were inoculated with the organism suspended 
in saline (4 gastric and 4 tracheal) while the 
remaining 8 were inoculated with the mucin 
suspension (3 gastric and 5 tracheal). <A 
third experiment with 18 dogs was designed 
to study the possible effect of cortisone on 
infection. Eight animals which had been in- 
oculated with mycelial phase 11 months pre- 
viously (survivors of Exp. I) were considered 
to be potentially ‘immune’; the remaining 
10 were healthy dogs not previously inocu- 
lated. All 18 dogs received intramuscular 
injections of 100 mg of cortisone for 16 days. 
On the 5th day of cortisone administration 
16 (8 “immune” and 8 “susceptible”) of the 
18 dogs were inoculated by the same route 
and with the same phase of the organism 
suspended in the same vehicle (saline or 5% 
mucin) as when they were part of the first ex- 
periment. Eight of the 10 “susceptible” dogs 
were inoculated in the same manner as the 8 
“immune” animals. The 2 remaining dogs 
served as non-infected cortisone treated con- 
trols (Table I). Eight of the dogs which 
survived this latter procedure (6 “immune” 
and 2 “‘susceptible’’) were subsequently chal- 


+t Strain G-13, a recent isolate from spontaneous 
histoplasmosis in a dog, kindly supplied by Charlotte 
Campbell of the Army Medical Center, Washing- 
ton, D.C. 
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TABLE I. Comparative Results of Pathogenicity for Dogs of Mycelial and Yeast Phase H. capsulatum. 
Se eo eeeeeeeesS=$=$mmajS{[ 


Exp. 3 (mycelial + cortisone) Exp. 4 (yeast) 


Exp. at Exp. 2 : ape eee A oe ae 
Route and vehicle (mycelial) (yeast) ‘‘Immune’’§ ‘‘Susceptible’’ ‘‘Immune’’|| Susceptible 
Gastric (saline) 0/5* 0/4 0/2 0/2 IGA 
* (mucin) 0/4 0/3 0/2 0/2 2/2 
Tracheal (saline) 0/5 4/4 0/2 1/2 0/14 1/1 
“ (mucin) 0/5 5/5 0/2 2/2 mee iAl 


0/2 controls (cortisone) 


* Numerator = No. of dogs with fatal histoplasmosis. Denominator — Total No. inoculated. 
+t Both dogs acutely ill; spontaneous recovery in one. 


+ Dog acutely ill; became chronic. 
§ Previously employed in Exp. 1. 
\| ” ”? ” ” 1 and oe 


lenged with 2 ml packed yeast cells given 
intratracheally (Exp. 4). 

The dogs inoculated by the gastrointestinal 
route received the inoculum through a stom- 
ach tube. Saline or mucin equal to the 
volume of inoculum was used to wash adhering 
material from the sides of the tube into the 
stomach. The dogs receiving the organisms 
by the respiratory route were inoculated in- 
tratracheally following anesthesia by intra- 
venous injection of sodium thiopental. The 
dog’s head was raised, the mouth opened, and 
the tongue grasped and pulled forward. A 
6-inch, 18 gauge luerlock cannula was. in- 
serted through the glottis deep into the 
trachea. The inoculum was injected into the 
trachea after attaching a syringe to the can- 
nula. The cannula was then withdrawn and 
the head was held high for about a minute 
to allow the material to drain into the bronchi. 
Cultures of gastric contents, urine, feces, and 
blood, complete blood counts and collodion 
agglutination tests were performed weekly for 
one month after inoculation, biweekly during 
the second month and monthly during the 
remainder of the observation period. The 
detailed hematologic and serologic data will 
be presented in a separate report. Complete 
necropsies and postmortem cultures were per- 
formed on all dogs which died or were sacri- 
ficed. 

Results. Exp. 1 (Mycelial phase). None 
of the 19 dogs inoculated with mycelial phase 
H. capsulatum manifested signs of disease 
during a 6-month observation period following 
the primary inoculation regardless of route 
or menstruum employed (Table I). The 10 
dogs inoculated intratracheally developed 


positive histoplasmin skin tests within one to 
3 months. Only one of the 9 dogs inoculated 
by the gastrointestinal route developed a skin 
test reaction. Repeated antemortem cultures, 
as well as postmortem cultures from dogs 
sacrificed 6 months after the primary inocula- 
tion were all negative. 

Exp. 2 (Yeast phase). All 9 dogs which 
received the yeast phase intratracheally de- 
veloped acute progressive disseminated histo- 
plasmosis in 3 to 5 days and died in from 11 to 
42 days following inoculation (Table I). Py- 
rexia of 1 to 3°F, hyperpnea and partial to 
complete anorexia were noted 3 to 4 days 
post-inoculation. Paroxysmal coughing and 
dyspnea were observed in all animals during 
the course of the disease. Hyperpnea and dysp- 
nea became more severe as the disease pro- 
gressed. H. capsulatum was isolated from all 
9 dogs from both antemortem blood cultures 
and from the tissues aseptically collected at 
necropsy. The fungus was isolated frequently 
from the lung, spleen, and liver, and less 
often from the mesenteric nodes, bronchial 
nodes, and heart blood. Extensive pulmonary 
lesions present in all 9 dogs included discrete 
cream colored nodules measuring 1 to 3 cm 
in diameter or complete consolidation of entire 
lobes, cavitation, liquefaction, emphysema 
and fibrinous pleuritis (Fig. 1). Granulo- 
matous inflammation of the visceral lymph — 
nodes and liver which were culturally positive 
for Histoplasma presented further evidence of 
widespread dissemination of the infection. 
None of the 7 dogs inoculated orally with 
yeast phase manifested disease during a 6- 
month post-inoculation period or bécame sen- 
sitive to histoplasmin. Of the 5 dogs sacri- 


EXPERIMENTAL HISTOPLASMOSIS 53 


FIG. 1. Lungs (frontal section) from dog which 

received yeast phase H. capsulatum intratracheally. 

Consolidation of right lung, atelectasis, diffuse and 
nodular granulomatous pneumonia in left lung. 


FIG. 2. Lungs from dog which received mycelial 

phase H. capsulatum intratracheally and cortisone. 

Elevated nodules in all lobes, enlarged bronchial 
nodes and fibrinous pleuritis. 


ficed from this group no evidence of infection 
was found at necropsy. 

Exp. 3 (Mycelial phase plus cortisone). 
The weight of each dog in this group increased 
and fluctuated after a week on cortisone 


treatment due, in part, to changes in the fluid 
balance. All 4 “susceptible” dogs which were 
inoculated intratracheally became ill on the 
Sth, 6th, 12th, and 18th post-inoculation 
day, respectively. Increased bronchial sounds, 
dyspnea, and pyrexia were the most consistent 
signs. Three of the 4 dogs died of acute, 
progressive, disseminated histoplasmosis be- 
tween the 18th and 28th day after inoculation 
with lesions similar to those seen in Exp. 2 
(Fig. 2). One developed severe illness, a high 
histoplasma antibody titer, positive blood cul- 
tures, but gradually recovered spontaneously. 
In contrast, none of the 4 “susceptible” dogs 
on cortisone which received the mycelial 
growth by stomach tube showed any signs of 
histoplasmosis during a post-inoculation pe- 
riod of 2%4 months. Similarly negative re- 
sults were obtained with the 8 “immune” 
dogs regardless of route of inoculation (Table 
I). The 2 uninoculated control dogs re- 
ceiving cortisone only, failed to show signs of 
infection during this same period. ; 


Exp. 4 (Intratracheal challenge with yeast 
phase). Eight dogs which had been pre- 
viously unaffected clinically following inocu- 
lation with mycelial phase (Exp. 1) were not 
affected when challenged with mycelial phase 
plus cortisone (Exp. 3). To investigate fur- 
ther their relative state of resistance, 6 of 
these dogs were inoculated with 2 ml of yeast 
phase organisms, intratracheally. This pro- 
cedure was followed by severe signs of infec- 
tion in all 6 with 5 deaths occurring between 
the 6th to 49th days. Similar fatal infec- 
tions were obtained with 2 dogs which were 
unaffected by gastric administration of my- 
celial phase in Exp. 3 when given yeast phase 
intratracheally (Table I); both died 10 days 
after inoculation. é 

Discussion. H. capsulatum may be grown 
in either the yeast or mycelial phase. It ap- 
pears as a yeast in parasitized tissues. The 
mechanism of natural infection is not yet 
definitely known. Since severe fatal infec- 
tions were produced only after intratracheal 
inoculation, it is possible that the respiratory 
route is more common, or likely, in spon- 
taneous infections. That the organism was 
disseminated from the primary pulmonary 
site of infection, was demonstrated by isola- 
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tion of the fungus from liver, spleen, mesen- 
teric nodes, heart blood, as well as from the 
lungs and bronchial nodes. Detailed descrip- 
tion of the gross and microscopic pathology, 
clinical and laboratory data, including sero- 
logic results, will be reported in a separate 
communication. 

Little is known about immunity, or reinfec- 
tion in histoplasmosis. In these studies it has 
been demonstrated that although intratracheal 
inoculation with mycelial phase induced no 
clinical disease a relative immunity to subse- 
quent challenge to mycelial phase, plus cor- 
tisone, was observed. However, challenge 
with yeast phase did produce a severe disease. 
Since this latter inoculum was large, similar 
studies with lesser dosages are indicated to 
clarify the nature of immunity in histoplas- 
mosis. 

Summary. Yeast phase H. capsulatum in- 
duced acute, progressive, fatal histoplasmosis 
in all of 9 dogs when inoculated intratrache- 
ally, but no clinical disease in all of 7 receiving 
the same inoculum by stomach tube. Mycelial 
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phase produced no clinical evidence of infec- 
tion in 9 and 10 normal dogs receiving intra- 
gastric and intratracheal inoculations, respec- 
tively. Cortisone treated dogs, however, were 


‘susceptible to intratracheal but not intragas- 


tric mycelial phase inoculations. Dogs pre- 
viously receiving mycelial phase were resistant 
to reinfection with the same phase even when 
given cortisone; they succumbed to challenge 
with intratracheal yeast phase in the absence 
of cortisone. 


The authors acknowledge the valuable technical 
assistance of Pauline Olinger Williams. 
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and The Naval Medical Research Institute, Bethesda, Md. 


The consistent finding of bone marrow 
aplasia and agranulocytic ulcerations in dogs 
dying from lethal doses of x-ray suggested a 
causal role of neutropenia in death from 
radiation injury(1,2). To test this thesis, 
concentrated suspension of homologous white 
blood cells were transfused into irradiated 
leukopenic dogs. The method used was not 
successful in maintaining a normal level of 
circulating granulocytes. However, signifi- 
cant elevations of the white blood cell counts 
in dogs with totally aplastic marrows were 
obtained. This report describes preliminary 
results on the functional activity and fate of 
the transfused granulocytes. 

; Material and methods. Dogs were exposed 


_* Biology Division, AEC, Washington, D. C, 


to whole body irradiation of 600 r (cobalt 60 
source, measured in air by a Victoreen rate 
meter in 4 = geometry), a uniformly lethal 
dose which resulted in complete bone marrow 
aplasia. Donor dogs were given an i.m. or 
s.c. injection of 0.2 to 0.5 ml of a 1:10 solution 
of turpentine in alcohol which generally ele- 
vated their circulating WBC level. All donor 
dogs were negative for the canine A hemagglu- 
tinogen(3). Donor dogs were bled from the 
femoral artery into siliconed 230 ml bottles, 
each containing 40 ml of 5% dextran and 
0.5% di-sodium ethylenediamine tetraacetate 
(EDTA) in Hanks’ solution. The dextranst 
used were 2 lots (No. 237 and No. 649) that 


+ Generously supplied by Commercial Solvents, 
Terre Haute, Ind. 


ate sintinpa 
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TABLE I. Transfusion of Separated WBC into Irradiated Dogs. 


-—Circulating leucocytes < 102/mm?—, ~ 


Day after Leucocytes 1 hr after 
Dog. No. x-ray 10° inj. Before transfusion 4-6 hr after 
510 5 102 8 18 % 
6 74 6 28 49 
uf 47 ali: 22 41 
8 52 10 22 Ad 
9 73 12 32 42 
10 iG 3 19 
11 12 16 
12 46 9 12 
13 126. 3 18 
14 57 4 8 
15 59 7 6 4 
16 62 2 6 4 
17 52 1 4 2 
18 0.2 3 
19 59 1 4 4 
2() 69 1 2 3 
518 5 94 22 34 52 
6 98 12 8 13 
ile D7 2 3 4 
8 159 2 23 35 
9 6 


Martin(4,5) found to interfere but little, if 
- at all, with WBC respiration. A third lot of 
dextran (No. 546) used from the 15th-20th 
post-irradiation day in dog No. 510 (Table 
I) was later found to interfere with WBC 
respiration. Thirty minutes were allowed for 
sedimentation of red blood cells. The plasma, 
which contained 80-90% of the leucocytes and 
platelets originally present in the whole blood, 
was siphoned through siliconed glass and 
polyvinyl tubing into a second set of sili- 
coned bottles. The plasma was centrifuged 
at room temperature at 30xg for 20 minutes 
or 150xg for 30-45 minutes. This resulted in 
sedimentation of 70-90% of the leucocytes 
which were resuspended in a small amount 
of plasma and injected. 760 ml of whole 
blood were processed for each daily trans- 
fusion, yielding 30-40 ml of a suspension of 
100000-300000 leucocytes per cu mm, repre- 
senting 50-80% of the leucocytes originally 
present in the blood drawn. The cell suspen- 
sions prepared by centrifugation at 150xg also 
contained one to 5 million platelets per cu mm. 
Thirty to 40 ml of supernatant plasma which 
was poor in WBC’s and platelets were injected 
into irradiated control dogs. 

Results. In untreated irradiated dogs, the 
leucocytes generally fell to levels below 2000/ 


cu mm by the 5th post-irradiation day. The 
WBC count remained below 1000, and usually 
below 500 per cu mm from the 7th day on. 
Four irradiated dogs receiving daily trans- 
fusions of plasma poor in leucocytes and plate- 
lets showed the same low levels of circulating 
cells. Four dogs received a total of 30 trans- 
fusions of WBC concentrates between the 7th 
and 20th post-irradiation day. Data on 20 
of these transfusions are presented in Table I. 
The weights of the recipient dogs varied from 
10 to 13.6 kg and their estimated blood volume 
from 800 to 1100 ml. In dog No. 518, weigh- 
ing 13.6 kg, the maximum expected rise on 
day 5 was 9000 WBC’s per cu mm, and on 
day 8 it was 14000 leucocytes/cu mm. The 
circulating cells actually rose by 3000 cells 
on day 5 and by 3300 cells on day 8, repre- 
senting 30% and 25%, respectively, of the 
expected rise. In most of the transfusions, 
however, much smaller proportions of the 
transfused leucocytes circulated. Elevation of 
the recipient’s platelet level was similar to 
that in previously reported experiments when 
platelet rich suspensions were used (6). 

About 80% of the leucocytes in the concen- 
trates were polymorphonuclear cells, and rises 
in circulating leucocyte levels were primarily 
due to increases in granulocytes. Even when 
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transfusions were followed by only small rises 
in the leucocyte count, there was a clear-cut 
shift from a predominantly lymphocytic dif- 
ferential blood picture to one with a relatively 
high percentage of polymorphonuclear cells. 

One of the 4 dogs receiving leucocyte trans- 
fusion died on the 20th post-irradiation day. 
The others were killed 24 hours after the last 
transfusion. Dog No. 510 had developed a 
folliculitis during the last 10 days of life and 
polymorphonuclear leucocytes were found in- 
filtrating hair follicles in sections taken at 
autopsy. Polymorphonuclear infiltration of a 
small ulcer of the tonsil was present in dog 
No. 518. The other 2 dogs showed polymor- 
phonuclear infiltration of localized skin le- 
sions. No polymorphonuclear leucocytes were 
seen in the lung or spleen of these dogs. 
Granulocytes were present in the sinuses of 
some of the lymph nodes, although no infec- 
tious lesions were noted in the region drained 
by these nodes. In contrast, none of the 4 
dogs receiving WBC-poor plasma showed 
granulocytes in any organ of the body. Three 
were killed 24 hours after the last transfusion. 
One died on the 9th day and showed the 
granulocytic tonsillar lesion characteristic of 
dogs dying spontaneously from exposure to 
lethal doses of x-ray(1). 

Discussion. The elevation of the peripheral 
leucocyte count resulting from transfusion of 
fresh leucocyte suspension, although variable, 
appears significant, since similar results have 
not been obtained previously in the presence 
of marrow aplasia, except on cross-circula- 
tion(7). In unpublished experiments, 50 dogs 
_ were exposed to 600 r whole body x-irradia- 
tion and died or were killed between the 6th 
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and 23rd post-irradiation day and sections 
taken of all organs. In none of these were 
granulocytes seen. The presence of granu- 
locytes in tonsillar ulcers and skin lesions of 
animals receiving WBC transfusions indicates 
that the transfused leucocytes were able to 
migrate to sites of infection. 
tion of granulocytes in lymph node sinuses in 
the absence of anatomic evidence of infection 
in the region drained by these nodes suggests 
the possibility that lymph nodes may partici- 
pate in the removal of granulocytes from the 
circulation in irradiated dogs. However, it 
cannot be excluded that the leucocytes in the 
lymph node sinuses represent the response to 
a minor local infection which may have been 
overlooked. 

Summary. The feasibility of recirculating 
separated leucocytes has been demonstrated 
in dogs with complete bone marrow aplasia 
induced by x-irradiation. The transfused 
granulocytes were shown to migrate to sites 
of infection. 
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Virus Growth and Cellular Energy Production: Effect of Substances 


Chemically Related to Thyroxin on Influenza Virus.* 
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Monroe D. Eaton, Loutse T. ADLER, AND Maupr E. Perry. 


From the Department of Bacteriology and Immunology, Harvard Medical School, Boston, Mass. 


Growth of influenza virus in tissue cultures 
has been partially inhibited with 2,4-dinitro- 
phenol (DNP) under conditions which indi- 
cate that high energy bonds derived from 
oxidative phosphorylation play a part in 
growth of this virus(1-3). An antagonist of 
thyroxin, butyl 3,5 diiodo-4-hydroxybenzoate 
(4), has an even more powerful action than 
DNP in uncoupling phosphorylation from 
oxidation(5,6). This suggested studies of the 
effect of this compound on virus growth and 
a comparison with the action of DNP. Thy- 
roxin itself and other related substances have 
also been: investigated. 

Materials and methods. The PR8 allantoic 
passage strain of influenza virus was used in 
all experiments. Methods of tissue culture in 
flasks, and the preparation of deembryonated 
eggs have been described previously(3). In 
addition, a modification of the roller tube 
technic was adopted which permitted direct 
observation of fragments of chick embryo 
chorioallantoic membrane sticking to the 
glass walls of the tubes. The medium used 
was Hanks’ balanced salt solution with certain 
combinations of sodium pyruvate and glucose. 
The pH was adjusted to 7.6 and maintained 
as close to this level as possible. No sodium 
bicarbonate, serum, plasma or chick embryo 
juice was added because the duration of the 
experiments was short and it was desired to 
employ as.simple a medium as possible. The 
roller tubes were closed with plastic screw caps 
which were kept loose to permit escape of 
CO». Because of their limited solubility in 
aqueous media the butylt and methyl esters 
of the substituted benzoic acid were sterilized 
by heating concentrated alcoholic solutions 
and then diluted 1:1000 or more in alkaline 


* This work was aided by grants from the U. S. 
Public Health Service and the Eugene Higgins Trust. 

+A supply of the butyl ester was furnished by 
Dr. A. E. Heming of Smith, Kline and French, 
Inc. The methyl ester was prepared according to 
the method of Wilkinson and his associates(4). 


balanced salt solution. Alcohol alone at con- 
centrations as high as 1% had no effect on the 
growth of virus or on proliferation of the 
chorioallantoic tissue. Diiodotyrosine and 3,5 
diiodo-4-hydroxybenzoic acid (Eastman) were 
sterilized by heating the aqueous suspensions 
to 80°C for 20 minutes and dissolved by 
adding NaOH to bring the pH slightly above 


neutrality. At the conclusion of the experi- - 


ments pooled samples of the tissue were sus- 
pended in fresh balanced salt solution with 
0.1% glucose and measurements of oxygen 
consumption were made by the usual Warburg 
method. 

Results. Warburg experiments were done 
with fresh minced chorioallantoic membrane 
to test for stimulation or depression of respira- 
tion by butyl 3,5-diiodo-4-hydroxybenzoate. 
The tissue was rinsed 3 times in balanced 
salt solution and suspended in this same solu- 
tion containing the test substance. One set 
of experiments was done with 0.1% pyruvate 
in the balanced salt solution and a second set 
with 0.1% glucose. In the presence of pyru- 
vate both 20 y/ml and 5 y/ml of the butyl 
ester produced an approximately 50% in- 
crease in the respiration within a few minutes, 
and some stimulation was evident, particularly 
with the lower concentration, after 7 to 8 
hours. At 24 hours there was no significant 
difference in Os consumption between the 
treated and control tissue. The medium re- 
mained alkaline. In the presence of glucose, 
on the other hand, the butyl ester produced a 
rapid drop in pH, and there was almost com- 
plete inhibition of oxygen consumption within 
3 to 4 hours. No initial stimulation was de- 
tected. These results are essentially the same 
as those previously detailed for dinitrophenol 
and chorioallantoic tissue(3). As with DNP 
a drop in the pH of the medium causes a rela- 
tively higher toxicity of the drug. 

The results of experiments with influenza 
virus in flask and roller tube cultures are 
presented in Table I. The flask cultures with 
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TABLE I. Effect of Butyl and Methyl Esters of 3,5-diiodo-4-hydroxybenzoie Acid on Growth 
of Influenza Virus in Tissue Culture. 
DS ee 
Hpithe- Fibro- 

Day Hemagg. Halt blast Oz, 

Tissue culture Ester, y/ml tested titer FinalpH growth growth wl/g/hbr 
Flask* Butyl 8 6 2 ate a= ate 45 
% 4 6 4 7.9 +, ++ 145 
% 2 6 175 7.8 ane e ae 150 
— 0 6 265 rae fe as 160 
Roller tube* Butyl 5 3 <2 6.9 ae 0 0 
4 20). as 2 7.5 eS 1s 140 
Z 1 3 40 7.6 ae ame 212 
2 0 3 215 Uo ++ ++ 202 
Methyl 10 3 <2 6.8 0 aE 0 
2 5 3 25 7.0 A ae 73 
- 0 3 112 7.9 + o 218 

Free acid 200 3 65 tee, +, + N.D. 
Thyroxin 50 3 80 Ved ate Staats 80 


Virus inoculum 0.1 ce of 10 or approximately 10 tissue culture infectious doses. Results 


represent averages of duplicate experiments. 


* Medium in flasks was Hanks’ balanced salt solution with 0.02% glucose and 0.1% sodium 
pyruvate, in roller tubes 0.05% glucose and 0.1% pyruvate. 

+ For flask cultures growth was observed in fragments of tissue explanted to fibrin clot 
medium; in roller tubes growth was observed directly by microscopic examination of tissue 


sticking to wall of tube. 


a medium containing 0.1% pyruvate and 
0.02% glucose were gently shaken in a special 
apparatus during the period of incubation(3). 
The hemagglutination titer remained low for 
periods as long as 6 days in the presence of 
4 y/ml* of the butyl 3,5 diiodo-4-hydroxy- 
benzoate. There was only slight retardation 
of tissue growth in explants and little depres- 
sion of oxygen consumption. Concentrations 
of 8 y/ml were found to be toxic in this 
medium. With 0.1% glucose in place of pyru- 
vate, concentrations as low as 2 y/ml were 
toxic even when CaCO; or NaHCOs were 
added to control the drop in pH. 

In roller tube cultures 2.5 y/ml of the butyl 
ester produced a hundredfold reduction in the 
hemagglutination titer at 3 days without 
noticeable effects on fibroblastic outgrowth 
but with slight depression of epithelial pro- 
liferation and some inhibition of oxygen con- 
sumption. The methyl ester at concentrations 
of 5 y/ml produced only a slight depression 
of hemagglutinin formation despite rather 
marked inhibition of oxygen uptake. Other 
experiments were done with the sodium salt 
of 3,5 diiodo-4-hydroxybenzoic acid. This 
substance produced noticeable effects on virus 
growth only at concentrations of 200 y/ml 


+ This is approximately 8.5 x 10% M. 


or higher but it caused development of acidity, 
probably attributable to increased glycolysis, 
at concentrations between 100 and 1000 y/ml. 


Wilkinson(4) has reported that the anti- 
thyroxin effect of the butyl ester is about 
twice that of the methyl ester and that un- 
esterified 3,5 diiodo-4-hydroxybenzoic acid is 
inactive. Attempts to reverse the virus in- 
hibitory effect of the butyl ester by adding 
thyroxin at concentrations of 5 to 50 y/ml 
to the roller tube tissue cultures at the begin- 
ning of the experiment have so far been un- 
successful. Thyroxin by itself had little effect 
on the growth of influenza virus under those 
conditions but at concentrations of 50 y/ml it 
tended to inhibit tissue proliferation and oxy- 
gen consumption after 3 days’ incubation 
(Table I). Further studies with this hormone 
are in progress. 


The more rapid growth of virus in de- 
embryonated eggs made it possible to study 
the early effects of the butyl ester both on 
infectivity and hemagglutination. Little in- 
hibition of virus was obtained below 10 y/ml 
but at this concentration the ratio of the 
hemagglutination titers, control/treated, after 
72 hours’ incubation was 8 in one experiment 
and 70 in another. At concentrations of 20 
y/ml hemagglutinins were detectable in only 


re 
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TABLE II. Effect of Butyl Ester on Influenza. Virus in Deembryonated Eggs. 


Time in hr 


18 24— ~ —--48 ; 72 
Hemagg.* Treated <2 <2, <2, 2,512 <2, <P, 0 06 <8 <2 <2 100 
Control 2, 8, 160, 160 1900 7700 * 2600 
Infect.t (log) Treated 4.0, 5.0 5.5 5.0 — 
Control 6.5, 7.0 8.5 1) —- 
O. uptake, wl/g/hr ~ Treated 169 200 108 75 
: Control 240 240 122 180 


Concentration of butyl ester 20 y/ml; alcohol 1% by volume in this set of experiments. 
_ ~ Where there were marked differences, titers of individual deembryonated eggs are presented. Else- 


where the single figure represents the avg. 


+ Infectivity titrations were done on pools of 4 individual fluid samples. Initial titer approximately 


10D 50: 


about 25% of the treated cultures. Several 
experiments were done at this level of the 
butyl ester and minced samples of the mem- 
branes from 3 to 4 preparations were pooled 
and tested for O» uptake at various periods 
from 18 to 72 hours. In addition the fluids 
were titrated for infectivity by allantoic in- 
oculation of chick embryos. The results are 
summarized in Table II. In the first 24 hours 
. an increase in infectivity titer occurred in 
both treated and control preparations but 
both hemagglutination and infectivity titers 
of the treated cultures remained below the 
controls for a period of 48 hours. During the 
period of maximum inhibition of virus growth 
the butyl ester reduced the oxygen consump- 
tion only by 15 to 30% but after 72 hours the 
concentration of 20 y/ml began to produce 
deleterious effects as indicated by more defi- 
nite depression of respiration. 

Diiodotyrosine and sodium 3,5 diiodo-4- 
hydroxybenzoate at a concentration of 2000 
y/mal produced little or no inhibition of virus 
growth in deembryonated eggs but oxygen 
consumption after 48 hours’ incubation was 
depressed by about 30%. 

Experiments in chick embryos inoculated 
by the allantoic route indicated that the LD50 
of the butyl ester was 2 to 4 mg per egg when 
given as a suspension. Because of the low 
solubility of the compound it is likely that 
only a small part of the amount injected was 
actually in solution in the allantoic fluid. 
With the maximum possible dosage no inhibi- 
tion of virus growth was found at periods of 
18 to 48 hours after inoculation. 


Discussion. In most respects the butyl 


ester of 3,5 diiodo-4-hydroxvbenzoic acid 
closely resembles 2,4-dinitrophenol(3) in its 
action on tissue cultures and deembryonated 
eggs infected with influenza virus but on a 
molar basis it is about 5 to 10 times as active 
as the latter compound in its inhibitory action 
both on virus and tissue. The reported low 
toxicity of the butyl ester for mice(4) by sub- 
cutaneous injection, 3500 mg/kg is of interest 
in view of the considerably higher toxicity, 
about 80 mg/kg, in chick embryos inoculated 
by the allantoic route, and the still higher 
toxicity in tissue cultures. Although dinitro- 
phenol at concentrations which were effective 
in tissue cultures also produced temporary in- 
hibition of influenza virus in the allantoic sac 
of chick embryos, this effect was not observed 
with the butyl ester possibly because of its 
insolubility or rapid destruction. 


Thyroxin itself produced very little inhibi- 
tion of the growth of influenza virus in tissue 
culture even at concentrations of 50 y/ml 
which tended to depress epithelial growth and 
respiration. Although thyroxin has been re- 
ported to have an effect like dinitrophenol 
on oxidative phosphorylation(5,7) in certain 
mitochondrial preparations, unknown factors 
must prevent this uncoupling action from in- 
hibiting the growth of influenza virus in in- 
tact cells. Delayed absorption or a latent 
period before activation may be concerned. 
The failure of thyroxin to reverse the virus 
inhibition suggests that the observed effects 
may be separate from the mechanism of anti- 
thyroxin action of the butyl ester in thyroidec- 
tomized rats(4). 


Conclusion. Butyl 3,5-diiodo-4-hydroxy- 
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benzoate, a substance which uncouples phos- 
phorylation from oxidation, has effects very 
similar to dinitrophenol in inhibiting the 
growth of influenza virus in tissue cultures 
and deembryonated eggs. 
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In vivo Inhibition of Monoamine Oxidase Studied with Radioactive 


Tyramine. 


(20541) 


RICHARD W. SCHAYER.* 


From the Rheumatic Fever Research Institute, Northwestern University Medical School, Chicage. 


In an earlier publication evidence was pre- 
sented for the participation of monoamine 
oxidase in epinephrine metabolism and for in- 
hibition of this enzyme im vivo(1). Epine- 
phrine, because of the complexity of its 
metabolism(2) is not an adequate substrate 
for extended studies of monoamine oxidase 
in vivo. A more nearly ideal substrate, tyra- 
mine, a compound widely used for im vitro 
studies on monoamine oxidase, has therefore 
been synthesized in radioactive form. It is 
shown that with the exception of a small 
amount of conjugation, tyramine is metabo- 
lized by rats and mice only through mono- 
amine oxidase action. 

A simple method for testing 7m vivo inhibi- 
tion of monoamine oxidase has been devised 
and applied to a number of compounds which 
not only have in vitro inhibitory power but 
also have pronounced pharmacological activ- 
ity. Because of the relationship of some of 
these compounds to the sympathetic nervous 
system, a clarification of their effect on mono- 
amine oxidase in intact animals is of con- 
siderable importance. It has been proposed 
by Gaddum and Kwiatkowski(3) that the 
sympathomimetic activity of ephedrine may 


* Supported in part by a research grant from the 
U. S. Public Health Service. The author is indebted 
to Rosa L. Smiley and Jean Kennedy for technical 
assistance. 


be due to inhibition of monoamine oxidase 
and consequent protection of epinephrine from 
destruction. However, in the present study, 
no relationship is found between sympath- 


omimetic- activity and im vivo inhibitory 
power for monoamine oxidase. 
Isotopic compounds. Tyramine, labeled 


with Cl in the a-position of the side chain 
was prepared by a small scale modification 
of the method of Johnson and Daschavsky 
(4). It involves thermal decarboxylation of 
DL-tyrosine, the latter being purchased in 
radioactive form from Tracerlab, Inc. The 
crude tyramine was purified by sublimation 
and converted to the picrate. The melting 
point of the radioactive tyramine picrate was 
201°; Barger(5) reported 200°. For a non- 
isotopic sample synthesized by the same pro- 
cedure, calculated C 45.9, H 3.85, N 15.3; 
found C 46.2, H 4.12, N 15.6. The compound 
showed only one radioactive spot on paper 
chromatograms. The specific activity was 
3.3 x 10° c._p.m. per mg measured in a flow 
counter. Tyramine was converted to the hy- 
drochloride before injection into animals. 


Metabolism of tyramine. In order that 
radioactive tyramine be of maximum value in 
these experiments it was necessary to estab- 
lish the extent to which monoamine oxidase 
is responsible for its metabolism. Previous 
workers had shown that in dogs, cats and 
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rabbits(6) the major metabolite of tyramine 
was p-hydroxyphenylacetic acid, the expected 
end product of monoamine oxidase plus alde- 
hyde oxidase action. This has now been con- 
firmed in rats and mice. There is no evidence 
that any enzyme other than monoamine oxi- 
dase actually degrades the tyramine molecule, 
although there does appear to be a small 
degree of conjugation. Since p-hydroxypheny]- 
acetic acid also appears partly in conjugated 
form, assays for inhibition were done on 
chromatograms of hydrolyzed urine. These 
showed only two spots corresponding to tyra- 
mine and p-hydroxyphenylacetic acid. Iso- 
tope dilution studiest of the combined urine 
of 5 rats injected subcutaneously with 0.5 pg 
C™ tyramine per g of body weight showed 
that 88% of the total radioactivity in the 
urine was present as p-hydroxyphenylacetic 
acid (mainly free) and 9% as tyramine 
(about half in free form). In the combined 
urine of 6 mice injected subcutaneously with 
1 »g C™ tyramine per g of body weight, of 
- the total radioactivity, 97% was present as 
p-hydroxyphenylacetic acid (mainly conju- 
gated) and 12% tyramine (mainly free). 
Within the limits of error of the isotope dilu- 
tion methods used, these two compounds can 
account for all the injected radioactivity. In 
another experiment the expired carbon diox- 
ide of a mouse was found to contain, after 4 
hr collection, 2% of the injected C'*. 


Effect of various substances on monoamine 
oxidase using tyramine as a substrate. As a 
method for evaluating monoamine oxidase in- 
hibitors zz vivo, C™ tyramine was admin- 
istered to mice pre-treated with the test 
substance and the amount of unmetabolized 
tyramine in the urine used as a measure of 
the degree of inhibition. This procedure ap- 
pears to be valid since the hydrolyzed urine 
of mice which have been injected with C™ 


tIn the isotope dilution studies urine was col- 
lected at 30 min. intervals for 4 hr. Carrier tyra- 
mine and p-hydroxyphenylacetic acid were added 
and separation effected by extracting the latter 
from acidic solution with ether. Both compounds 
were then recrystallized, using Norite each time, 
until constant activity was obtained. Tyramine 
was determined as the picrate; p-hydroxyphenylacetic 
acid as the free acid. 


tyramine, contains in radioactive form only 
unmetabolized tyramine and the end-product 
of monoamine oxidase activity, p-hydroxy- 
phenylacetic acid. 

Mice were injected subcutaneously with 
the inhibitor and after 30 min. injected sub- 
cutaneously with 1 »g Cl tyramine per g of 
body weight. Urine was collected from each 
mouse at 30 min. intervals during a 4-hr 
period and immediately frozen. When the 
collection was complete, an approximately 
equal volume of 6 N hydrochloric acid was 
added to each urine and hydrolysis effected 
by heating for one hr in a steam bath. The 
hydrolyzed urine samples were evaporated | 
to dryness from the frozen state, dissolved in 
a small amount of water, and paper chromato- 
grams prepared using butanol 80 parts, eth- 
anol 10 parts and ammonium hydroxide 30 
parts. This system makes a clean separation 
of tyramine, Rf 0.9 and p-hydroxyphenyl- 
acetic acid, Rf 0.4. Only these two peaks 
were counted and corrected for background 
only; the rest of the paper contained negligible 
radioactivity. Per cent tyramine in the hy- 
drolyzed urine was determined by dividing 
the c.p.m. in the tyramine peak by the sum 
of the c.p.m. in both peaks. This method is 
not intended to give an accurate determina- 
tion of the absolute value of the tyramine 
content of the urine. It is designed only to 
give a base value, approximating the true 
value, from which deviations caused by inhibi- 
tors can be readily observed. 


The test substances were chosen because 
of possible effect on monoamine oxidase. A 
brief description of each follows: Ephedrine 
inhibits monoamine oxidase in vitro using ty- 
ramine(7,8) or epinephrine(9) as substrates. 
It has powerful. sympathomimetic properties 
and potentiates the action of epinephrine. It 
has been proposed(3) that ephedrine, and 
possibly other sympathomimetic amines, pro- 
duce this effect by inhibiting monoamine ox1- 
dase and consequently prolonging the action 
of epinephrine. However, it is also possible 
that the action is directly on the same re- 
ceptors acted upon by epinephrine. Benze- 
drine and Paredrinol are also potent sympath- 
omimetic amines and im vitro inhibitors of 
monoamine oxidase(10,9). Choline p-tolyl 
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ether bromide has no obvious sympathomi- 
metic effects. It is reported to be a much 
more potent im vitro monoamine oxidase in- 
hibitor than benzedrine or ephedrine(11). It 
produces maximum potentiation of responses 
to epinephrine and norepinephrine in the cat 
at a level of 10 mg/kg. Marsilid (1-isonico- 
tinyl-2-isopropylhydrazine) has only mild 
sympathomimetic effects. It inhibits mono- 
amine oxidase in vitro(12,13) and in vivo 
when tested using epinephrine as substrate 
(1). Percaine is a substitute for cocaine which 
is a monoamine oxidase inhibitor im vitro(8, 
14). Aramine |levo-1 (m-hydroxyphenyl) -2- 
amino-1-propanol] is a potent pressor agent; 
Dapanone_ (3,4-dihydroxy-a-isopropylamino- 
propiophenone) is a potent bronchiodilator. 
They were generously supplied by Dr. Karl 
H. Beyer of Sharp and Dohme, Inc. Thyroxin 
has been reported to have some relationship 
to monoamine oxidase activity(15). 


The concentrations used were sufficient to 
produce pronounced pharmacological effects. 
In some cases (Percaine, Paredrinol) the tox- 
icity imposed a limit on the dose. 


Results are shown in Table I. 


Discussion. The data of Table I show that 
of all the substances tested, only Marsilid and 
choline p-tolyl ether are effective in inhibit- 
ing monoamine oxidase in the intact mouse. 
Other choline aryl ethers may be inhibitory 
but only the one compound of this class was 
examined in the present study. 

Several of the compounds which inhibit 
monoamine oxidase im vitro were found to 
have no effect in vive. This could be due to 
failure to reach the site of the enzyme be- 
cause of rapid destruction or for reasons of 
permeability. It is also possible that im vitro 
preparations of monoamine oxidase have 
undergone some alteration of the active por- 
tion of the enzyme so that response to various 
substances differs from that in the body. 

The powerful sympathomimetic amines, 
ephedrine, benzedrine and paredrinol showed 
no inhibitory effect. This strongly suggests 
that an explanation of their pharmacological 
activity must involve a mechanism unrelated 


¢ Personal communication from Dr. Peter Hey, 
Department of Pharmacology, University of Leeds. 
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TABLE I. Effect of Various Compounds on Mono- 

amine Oxidase Activity; C' Tyramine Used as 

Substrate. All inhibitors injected subcutaneously ; 

after 30 min. C™ tyramine injected subcutaneously 
at a level of 1.0 wg per g of body wt. 


Cone. of test Jo 
compound, tyramine 
Test compound ug/zZ in urine 
None 15 
16 
18 
22 
Ephedrine 50 20 
100 21 
Benzedrine (Amphetamine ) 20 23 
40 22 
Choline p-tolyl ether bromide 10 26 
25 28 
100 32 
100 33 
200 42 
Marsilid phosphate 10 27 
25 32 
50 32 
100 31 
150 45 
300 47 
450 47 
Percaine (cocaine substitute) 20 20 
Aramine 50 14 
Dapanone 50 19 
Paredrinol sulfate (Veritol, 10 13 
p-hydroxy N-methyl benze- 
drine) 
a 20 12 
1-epinephrine (1 dose 30 min, a5) 19 
before, 1 dose 30 min. 
after tyramine) 
Thyroxin (doses twice daily 1.0 22 


for 3 days and once on 4th 
day 1 hr before tyramine ) 


to monoamine oxidase inhibition. 

It is evident from Table I that none of the 
substances tested is capable of inhibiting 
monoamine oxidase to a very marked degree 
when tyramine is used as a substrate. 


Summary. 1. Tyramine, labeled with Cl 
in the a-position of the side chain, has been 
synthesized for use as a substrate in studies 
of the im vivo inhibition of monoamine oxi- 


dase. 2. With the exception of a small degree 


of conjugation, no metabolic route for tyra- 
mine could be detected in intact rats and 
mice other than that due to monoamine oxi- 
dase action. 3. A technic for evaluating in 
vivo inhibitory effect on monoamine oxidase 
has been devised and a number of substances 
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tested. Only 2 active compounds were found; 
the common sympathomimetic amines were 
inactive. 
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Protection Afforded by Aqueous-Alcohol Solutions of Cortisone 
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Attention has been called to the protection 
afforded by large daily doses of cortisone 
against the lethal anaphylactoid response of 
24-hour adrenalectomized rats to intravenous 
infusions of the polysaccharide dextran(1). 
The animals were unequivocally shielded from 
shock but the procedure employed was slow 
and expensive since it required a total dosage 
of 60 mg of a microcrystalline suspension of 
cortisone (Merck’s Cortone), administered 
over 5 days as a fore-treatment before giving 
the shock dose of dextran. It was considered 
desirable to devise a method whereby the dos- 
age could be drastically reduced and the time 
necessary for adequate prophylaxis lessened 
without diminishing the effectiveness of the 
protection afforded. The following experi- 
ments demonstrate that, by using a dilute 
alcoholic solution of cortisone instead of the 
slowly absorbed microcrystalline suspension, 
the effective dose of the steroid which will give 
protection to more than 90% of animals can 


* A part of the expenses of this investigation was 
defrayed by a grant from Sharp and Dohme, Inc., 
West Point, Pa. 


be reduced from 60 mg to 2 mg or less, and 
the time required for adequate fore-treatment 
shortened from 5 days to 6 hours. The sim- 
plicity of this modified procedure led the 
writers to adopt it as a test for screening com- 
pounds assumed to have cortisone-like ac- 
tivity. 

Materials and methods. 138 virgin female 
rats averaging 133 g in weight were employed; 
when ready for use they were adrenalecto- 
mized and 24 hours later infused with dextran 
(Commercial Solvents Corp.; a sterile 6% 
solution in 0.9% saline); this material is used 
as a plasma expander for treatment of shock. 
The dextran was administered intravenously 
as a single injection, representing 7.5 mg/100 
GBW (g of body weight), at the rate of one 
cc/minute. Rats with intact adrenals tolerate 
large doses of dextran by vein; however, the 
24-hour adrenalectomized animal is extremely 
sensitive to the material and generally dies 
within 30 to 60 minutes after infusion(1). If 
the dextran is given intraperitoneally to intact 
rats in relatively huge doses, marked edema 
and erythema may appear(2,3). The striking 


INO. 


symptom-free 


No. edema- 
tous and 


erythematous 


No. edema- 
tous and 
cyanotic 


No. eryth- 
ematous 


edematous 


Survival No. 
No. % cyanotic 


Dosage, 
mg/rat 


TABLE I. Protection Afforded by Aqueous-Aleohol Solutions of Cortisone against Dextran. 


Avg wt 


No. of 
rats 


A. Adrenalectomized—controls 
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anaphylactogenic response of the intact rat to 
dextran seems to be species specific since other 
non-adrenalectomized mammalian types, @.g., 
man or the dog, only occasionally exhibit mild 
reactions even when infused with large 
amounts. The free alcohol of cortisone was 
rendered suitable for parenteral injection by 
dissolving in 95% warm ethanol and then 
diluting dropwise with warm distilled water 
until the clear solution showed a faint haze. 
10 mg/cc in 28-29% alcohol can be dissolved 
in this way. Smaller amounts such as 5, 2, 
1 or 0.5 mg/cc were diluted to 10% ethanol 
or less. One cc was the maximum quantity 
of fluid given at an injection and the intra- 
muscular route was used exclusively. 


Results. The essential data obtained from 
the study of the soluble cortisone are shown 
in Table I. The controls (Series A) consisted 
of 25 rats adrenalectomized 24 hours pre- 
viously and receiving no salt in the drinking 
water or prophylactic treatment. All animals 
succumbed when infused with 7.5 mg dextran 
per 100 GBW usually within the first hour 
following infusion. They exhibited profound 
cyanosis and weakness. 

Thirty-three of 34 adrenalectomized rats 
(B-1) survived after receiving a total of 10 
mg cortisone per cc of 28-29% alcohol given 
in divided doses over a 6-hour period previous 
to dextran infusion. Although symptoms, 
such as cyanosis, edema, and erythema, ap- 
peared, they were mild and disappeared within 
a very short time. Since 10 mg of cortisone 
in solution, administered over a 6-hour period 
had proven as efficacious in protecting the 
dextran-infused rats as had 60 mg of the 
microcrystalline suspension, given as a fore- 
treatment for 5 days, it was considered worth- 
while to study the effects of smaller amounts 
given as a single injection 6 hours before in- 
fusing the dextran. 

Table I (Series B-2-5) summarizes data 
from experiments involving lower dosage. 
Twenty-six animals (B-2) received a single 
injection of 5 mg of cortisone in 1 cc of 10% 
ethanol 6 hours before infusion. Twenty-five 
animals survived; only mild symptoms ap- 
peared and were of brief duration. These posi- 
tive results with lower dosage and but one 
injection led to further experimentation in 
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which 2 mg/cc of 10% ethanol were used for 
prophylaxis (B-3). Of 29 rats so treated, 27 
or 93% survived in excellent condition; as in 
the earlier experiments, the animals displayed 
only evanescent signs of distress upon infus- 
ion. Another series of 14 animals was given 
a prophylactic dose of one mg cortisone in 
one cc of 10% alcohol 6 hours before adminis- 
tering dextran; 10 or 71% survived (B-4). A 
final test was made on 10 adrenalectomized 
rats (B-5) in which the cortisone dosage was 
reduced to 0.5 mg/cc in 10% alcohol and 
given in one injection 6 hours before the in- 
fusion. Three rats or 30% lived and these 
showed severe cyanosis and prostration. The 
low incidence of protection afforded by this 
dose of the steroid indicated that the minimum 
effective dose adequate for protection was one 
mg since this amount protected 71% of the 
rats. 

Discussion. The data in Table I reveal the 
marked superiority of soluble cortisone as a 
protective agent over the microcrystalline sus- 
pension of the steroid now commercially avail- 
able and also emphasize the waste of valuable 
material which evidently occurs when crystal- 
line suspensions are used. Thus by employing 
a weak alcoholic solution, the effective dose 
required to insure adequate potection for at 
least 90% of the rats against dextran was ap- 
proximately 30 times less than that previously 
found necessary with the crystalline suspen- 
sion of cortisone acetate(1). The time re- 
quired for prophylactic fore-treatment was re- 
duced from 5 days to 6 hours. The best re- 
sults are obtained when 5-6 hours are allowed 
to elapse between cortisone injection and dex- 
tran infusion. The reason for this is not clear; 
perhaps this interval represents the optimum 
time needed for cortisone to suppress or mod- 
ify the action of immunological mechanisms 
involved in the lethal response to dextran. 
The deleterious action of this polysaccharide 
in the 24-hour adrenalectomized rat is appar- 


ently anaphylactoid in nature and essentially 
similar to that induced by the injection of 
globin(1) and egg white(4-6). The serologi- 
cal activity of dextrans has been commented 
upon(7,8). The protective action of small 
amounts of soluble cortisone upon the dextran- 
infused 24-hour adrenalectomized rat has been 
utilized by the writers as the basis for a sim- 
ple screening test for compounds assumed to 
have cortisone-like action. Substances pos- 
sessing small amounts of such activity afford 
some degree of protection. 


Summary. Intramuscular injections of a 
soluble cortisone are much superior to the 
microcrystalline suspensions commercially 
available in affording protection to the 24- 
hour adrenalectomized rat infused with dex- 
tran. The amount of the soluble steroid re- 
quired to give adequate protection is 30 times 
less than that found necessary when the sus- 
pension is used and the requisite time for 
prophylactic fore-treatment is reduced from 5 
days to 6 hours. The procedure employed in 
these experiments can be utilized as the basis 
for a simple screening test for compounds with 
cortisone-like activity. 
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Several extrinsic agents are now known to 
cause maldevelopment in the mammalian em- 
bryo if properly applied during the gestation 
period. These include: maternal dietary de- 
ficiency of vit. A(1,2,3), riboflavin(4,5), pan- 
tothenic acid(6), folic acid(7,8), and possibly 
vit. By2(9); at least 2 viral diseases, namely, 


German measles(10) and hog cholera(11);_ 


injections of such chemicals and drugs as 
nitrogen mustard(12), trypan blue(13) and 
cortisone(14); such additional maternal con- 
ditions as hypoxia(15) and hypervitaminosis 
A(16); and finally, exposure to ionizing radia- 
tions(17,18). In no case is the mechanism 
of action on the embryo known, but all of 
these agents with the possible exception of 
the last must act either on or through the 
maternal organism. Several of them are known 
to cause more or less drastic physiologic 
alterations in the mother, and the question 
arises as to what extent this maternal reaction 
may affect the embryo. As part of a series of 
studies on this subject, the following investi- 
gation of hemorrhagic anemia during preg- 
nancy in the rat was undertaken. 

Methods. Anemia was induced by allowing 
free bleeding from the freshly severed tail on 
each of 3 successive days. By snipping off a 
segment of the tail from an animal lightly 
anesthetized with ether, it was usually pos- 
sible to collect 4 to 6 cc of blood within a 
few minutes. The procedure was repeated on 
the 2 succeeding days, with the result that 
frequently total quantities equivalent to 6, 7 
or more cc/100 g body weight were withdrawn 
over the 3-day period. Each time blood was 
removed a 5-drop sample was heparinized for 
hematocrit reading, and for the same purpose 
a few drops were taken the day after the 
last bleeding and at irregular intervals there- 
after by opening a caudal vessel. The periods 


* This investigation was supported by a research 
grant from the National Institute of Arthritis and 
Metabolic Diseases of the National Institutes of 
Health, Public Health Service. 


of bleeding were begun at various times dur- 
ing pregnancy so that the height of maternal 
anemia would coincide with known stages in 
embryonic development. Accordingly 31 
pregnant females were bled on the 7th, 8th 
and 9th days to cause severe anemia on the 
9th day when the mesoderm is forming and 
on the 10th day when organogenesis is begin- 
ning. Forty females were bled on the 9th, 
10th and 11th days and 37 on the 11th, 12th 
and 13th days to produce anemia during the 
period of most active organogenesis between 
the 11th and 14th days of gestation. Twenty- 
five females were bled on the 13th, 14th and 
15th days so that severe anemia would occur 
during the period of late organogenesis and 
early histogenesis on the 15th and 16th days. 
Pregnancy was dated from 9 AM of the morn- 
ing on which sperm were found in the vaginal 
smear, the embryos being considered one day 
of age 24 hr later. To verify pregnancy and 
count the number of embryos the females 
were laparotomized immediately following 
the first bleeding. Mothers surviving the 3 
bleedings were allowed to live until the 20th 
day of gestation when they were killed and 
the young again counted, then removed, 
weighed, examined under a magnifying lens 
for malformations, and fixed. Two young 
from each litter were fixed in 95% alcohol 
for clearing by the Schultz-Dawson method 
in order to evaluate skeletal development. 
The remainder were fixed in Bouin’s fluid and 
later dissected or sectioned. 


Results. The removal of total quantities 
of blood equivalent to 5 cc or more/100 g 
body weight caused a precipitous drop in 
hematocrit values (Table I). In general the 
extent of drop was proportional to the total 
quantity of blood removed, but this was sub- 
ject to considerable variation. The effects of 
anemia on survival of the mother and her 
offspring were more closely correlated with 
quantity of blood removed than with hema- 


tocrit reading, for which reason the following 
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TABLE I. Hematocrit Reading before and after Induced Hemorrhage on 3 Suecessive Days, 
Beginning at Different Times in Pregnancy. 


Avg hematocrit readings (%) 


Ore’ KGa \ 
24 hr after 3rd bleeding 
(amt removed—ce/100 g body wt) 


Before first — = 

Days bled bleeding 5—5.9 ee 6—6.9 ce 7 or more ce 
7,8 and 9 43.3 + 2.8 21.0 + 3.2 15.8 = les 16.0 = 2.6 
9,10 and 11 42.2 + 2.9 OE Sieteede 17.4 + 2.3 14 Oe: 
11, 12 and 13 39.2 + 4.9 ie ied le 16.5 + 2.8 14.8 + 1.9 
18, 14 and 15 30h = 2.0 Ibi) ae SO 16:6 + 1.8 14.4+ 1.4 


==} Stand. dev. 


TABLE il. Effects on Gestation and on Offspring of Removing Various Quantities of Blood from Fe- 
male Rats at Different Times in Pregnancy. 


Pregnancies terminating 


before 20th day 
_ Total blood with- 


Pregnancies going to 20th day 


ai aN 
drawn (ce/100g No.of %wmaternal % complete % young Ave wt Condition 
body wt) mothers death resorption % resorbed* young (g) ft of young 
Bled on 7, 8 and 9th days pregnancy 
4-4.9 7 0 0 100 9 Say All normal 
5-5.9 9 0 33 67 7 3.56 a : 
6-6.9 7 43 57 0 — — — 
f= 8 62 13 25 4 3.38 All normal 
Bled on 9, 10 and 11th days pregnancy 
5-5.9 12 8 25 67 6 3.39 1 litter re- 
tarded 
{ 3 young mal- 
6-6.9 15 20 27 53 18 3.20 4 formed 
1 litter re- 
tarded 
7- 13 23 38 39 12 3.18 24 
Bled on 11, 12 and 13th days pregnancy 
5-5.9 if 0 0 100 13} 3.41 All normal 
6-6.9 21 38 0 62 10 3.38 ‘i 
7- 9 44 () 56 5 3.11 1 litter re- 
tarded 
Bled on 13, 14 and 15th days pregnancy 
5-5.9 5 20 0 80 ide 3.35 Ali normal 
6-6.9 13 54 0 46 0 3.30 ay 
7 7 71 0 29 0 3.10 1 litter re- 


tarded 


* May reach 14% in litters from non-anemic mothers. 
+ Mean wt of young from non-anemic mothers — 3.34 + .34 g. 


data are presented in relation to quantity of 
blood removed. Ten non-pregnant adult fe- 
males bled amounts equivalent to 6 cc or 
more/100 g body weight showed lowering of 
hematocrits comparable to those in Table I. 
Six died within 2 days following the last 
bleeding, indicating that the treatment was 
as deleterious to non-pregnant as to pregnant 
females. 

Bleeding on 7-9th days. Removal of less 
than 5 cc of blood/100 g body weight was 
without effect on the duration or outcome of 


pregnancy (Table II). All mothers survived 
and continued their pregnancies to the 20th 
day. Nine per cent of offspring underwent 
intrauterine resorption after laparotomy on 
the 7th day, but this is within normal range, 
which may reach 14% in the offspring of non- 
anemic, laparotomized females. The mean 
weight of surviving young was normal, and 
no developmental defects were observed in dis- 
sected, sectioned or cleared specimens. Re- 
moval of 5 to 5.9 cc of blood/100 g body 
weight also did not kill any mothers but did 
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result in early termination of pregnancy in 
one-third of the cases due to resorption of 
the entire products of conception (Table IT). 
In pregnancies which continued to the 20th 
day, however, the offspring were normal in 
all respects. Hemorrhage in excess of 6 cc/ 
100 g body weight caused early termination 
of pregnancy in all but 2 of 15 cases, due 
either to maternal death or complete resorp- 
tion of young. It is particularly noteworthy 
that the 2 pregnancies which survived this 
drastic treatment yielded litters of normal 
offspring. 

Bleeding on 9-11th days. Again removal 
of quantities of blood between 5 and 5.9 cc/ 
100 g body weight caused premature termina- 
tion of approximately one-third of pregnan- 
cies, but those litters which reached the 20th 
day were essentially normal (Table II). 
Young in one of 8 surviving litters were re- 
tarded in growth or skeletal development but 
none was malformed. When 6 to 6.9 cc of 
blood/100 g body weight were removed, a 
more pronounced effect was observed in a few 
cases. Although 8 of 15 pregnancies con- 
tinued to the 20th day, the mean rate of 
prenatal death in the surviving litters was 
increased, one litter contained young that 
were retarded in growth, and 2 others con- 
tained a total of 3 grossly malformed young 
(Table II). No one of these deviations is 
in itself convincing evidence that maternal 
anemia interfered with development, but in 
the aggregate they indicate that anemia of 
sufficient severity at this time (11th day and 
subsequently) has some tendency to affect 
the offspring. That this tendency is slight and 
variable is demonstrated by results obtained 
from mothers bled 7 or more cc/100 g body 
weight. Although only 5 of 13 such preg- 
nancies continued to the 20th day, there was 
no significant abnormality in the young. When 
surviving young from all mothers bled in 
excess of 6 cc/100 g body weight are com- 
bined, it is found that only 3 of 117 or 2.6% 
were malformed. Thus, it is concluded that 
although an occasional abnormality may be 
produced at this time, maternal anemia usu- 
ally causes either early termination of preg- 
nancy or else permits continuation of preg- 
nancy without detriment to the young. The 


3 malformed young showed various skeletal 
dysplasias and distortions, such as shortening 
of the snout and extremities. Two exhibited 
combined polydactyly and syndactyly. The 
eyes were malformed in 2 instances, the optic 
cup in one and the lens in another. Aside 
from developmental defects, all were noted to 
be edematous at delivery and on sectioning 
to have foci of degeneration in the central 
nervous system. Basal ganglia, certain regions 
of cerebral cortex, and the anterior horns of 
the spinal cord were the commonest sites of 
degeneration, and often in these regions signs 
of localized hemorrhage were evident. Such a 
pattern of abnormality has not been encoun- 
tered in several hundred young rats from non- 
anemic mothers examined in this and other 
experiments. This, together with the fact that 
all 3 animals were similarly affected, sug- 
gests that the abnormalities were a conse- 
quence, however rare, of the maternal anemia. 

Bleeding on 11-13th days and on 13-15th 
days. The effects of hemorrhage during these 
2 periods were essentially similar except that 
bleeding in the later period caused a higher 
rate of maternal death (Table II). In neither 
instance was there a significant effect on the 
young in pregnancies continuing to the 20th 
day, although one litter from each group of 
mothers bled more than 7 cc/100 g body 
weight contained young moderately retarded 
in growth. Unlike some bled at earlier periods 
none of these mothers was recorded as having 
resorbed her entire litter. There was, never- 
theless, evidence that death of all the fetuses 
sometimes preceded that of the mother. Sev- 
eral of the mothers were autopsied soon after 
spontaneous death, between the 14th and 16th 
day of gestation; and in at least 4 of these 
the fetuses were found to have been in process 
of resorption at the time of maternal death. 
Whether the fetal death contributed to the 
maternal death in such cases is uncertain, but 
it is noteworthy that at the time the mothers 
died the fetuses, not including membranes 
and decidua, each weighed 0.2 to 0.5 g. The 
resorption of several g of necrotic fetal and 
accessory tissue certainly placed an added 
burden on an already impaired maternal or- 
ganism. Maternal death occasionally attribu- 
table to death and resorption of the fetuses - 
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seems likely. 

Comment. These results indicated an all- 
or-none mechanism concerning the welfare of 
the embryo under conditions of maternal hem- 
orrhagic anemia. Either the anemia had little 
or no effect on the offspring, or its effects 
were such as to cause maternal death or com- 
plete resorption of the conceptus. There was 
virtually no intermediate condition in which 
the offspring survived, but under duress or 
deprivation sufficient to cause maldevelop- 
ment. Evidently the physiologic stresses re- 
sulting from hemorrhagic anemia are of a 
nature that affect the viability of the mother 
or interfere with continuation of her preg- 
nancy before they affect the processes of 
development. Only bleeding of the mothers 
on the 9th, 10th and 11th days showed any 
tendency to interfere with development in 
surviving embryos, and this was so limited 
that hemorrhagic anemia at this or anv other 
time can hardly be regarded as a real hazard 

to normal embryonic development in the rat. 
_. This is in contrast to the action of the 
known teratogenic agents with which it is 
usually possible to demonstrate three dose- 
response relationships, that is, three degrees 
of effect of the agent upon the offspring. The 
agent in mild or moderate dose may have no 
effect, or at somewhat higher doses it may 
prove universally fatal to all embryos or to 
the mother. Between these limits exists what 
can be called the teratogenic zone, a more or 
less narrow zone in which embryonic life is 
able to continue but frequently at the expense 
of impairment or aberration in normal devel- 
opment. A significant teratogenic zone was 
not clearly demonstrated for hemorrhagic 
anemia in the rat. This implies that the mere 
placing of severe physiologic stress upon the 
pregnant mother is not enough to cause mal- 
development among the offspring. To act 
as a teratogenic agent it is probably neces- 
sary that such stress bear a specific relation 
to the needs or welfare of the embryo at the 
time the agent is operative. 

Summary. Pregnant rats were rendered 
severely anemic by permitting free bleeding 
from the freshly severed tail on 3 successive 
days. This frequently caused early termina- 
tion of pregnancy as a result of maternal 


death or resorption of the entire litter, but 
litters from mothers surviving this treatment 
were essentially normal. Only when bleeding 
was begun on the 9th day was there a minimal 
effect on the offspring, manifested by malfor- 
mations in 2.6% of the young, a mild degree 
of retardation of growth in 4 of 13 litters, 
and a slight increase above the normal rate 
of intrauterine resorption in litters reaching 
term. Since even these minimal effects were 
not observed after hemorrhage at other times 
during gestation, it is apparent that maternal 
hemorrhagic anemia represents no particular 
hazard to the offspring in surviving litters. 
This suggests that severe physiologic stresses 
during pregnancy, however severe, are not 
always capable of causing abnormality in the 
offspring. 


The assistance of Mrs. Betty M. Daugherty and 
Mr. Robert Simons is gratefully acknowledged. 
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Profound alteration in the histology of rab- 
bit(1,2) and rat(3) hepatic parenchyma and 
changes in nucleic acid content of such livers 
have been reported(1,3,4) following cortisone 
administration. These changes are character- 
ized by increase in cell size, accumulation of 
glycogen and marked decrease in cytoplasmic 
basophilia. Since the major contribution to 
cellular basophilia (toluidine blue and _ gallo- 
cyanin chromalum staining) is the pentose 
nucleic acid (PNA) of the particulate ma- 
terial of the liver cell, it seemed important to 
investigate the effect of cortisone administra- 
tion upon the PNA content and the total nu- 
cleic acid contents of the liver. 


Methods. Three groups of Wistar strain 
rats, 100-200 g in weight, were maintained 
ad libitum on a Rockland rat diet. Group I: 
Normal controls. Group II: Cortisone-treated 
for 5 days and sacrificed 24 hours later. 
Group III: (Recovery group);  cortisone- 
treated for 5 days but not killed until 8 days 
after the last dose of cortisone. Animals in 
Groups IT and III received 25 mg cortisonet 
by intramuscular injection daily for 5 days. 
All animals were killed after a 24-hour fast by 
exsanguination through the hepatic vein dur- 
ing light ether anesthesia. Control animals 
were similarly fasted and killed. Livers were 
removed rapidly, rinsed in isotonic saline and 
promptly expressed through the fine mesh of 
an iced tissue press. The tissue was then 


* Supported in part by Contract with the Atomic 
Energy Commission, through Research Grants, Na- 
tional Institutes of Health, U.S.P.HS., and by the 
Medical Research Fund, Graduate School, University 
of Minnesota. 

+ Cortisone acetate in a water suspension contain- 
ing also 0.9% benzyl alcohol, 0.9% sodium chloride, 
0.4% polyoxyethylene sorbitan monooleate and 
0.5% sodium carboxymethylcellulose was used. This 
was generously supplied by Dr. Elmer Alpert of 
Merck and Co., Rahway, N. J. 


weighed, suspended in iced, slightly alkaline 
0.85% saline, and further homogenized in a 
glass Potter-Elvehjem grinder. The brei was 
then diluted with additional alkaline saline so 
that each ml of solution was equivalent to 0.2 
g of whole wet liver. The centrifugal separa- 
tion was essentially that described by Huseby 
and Barnum(5,6), with the following fractions 
being obtained: 


Relative Time for 
gravita- sedimenting 
Fraction tional force (min. ) 
Nuclear (N) 1400 4 
Mitochondrial (Mit) 24000 D 
Microsomal (Mi) 24000 90 
Ultracentrifugal (U) 110000 90) 


Nonsedimentable (S) 

The crude fractions were treated as outlined 
by Barnum and Huseby(7); chemical separa- 
tion of the phosphorus-containing compounds 
was carried out essentially as described by 
Schneider(8), and subsequent analyses for 
pentose, desoxypentose, phosphorus, nitrogen, 
glucose and dry weight performed as _ pre- 
viously described(1). Histochemical exam- 
ination of sections was conducted as outlined 
by Williams, Lowe, and Thomas(2). 

In each instance, the phosphorus as well as 
the carbohydrate content of every particulate 
nucleic acid fraction was determined in dupli- 
cate. The theoretical carbohydrate content 
based on phosphorus was calculated, assuming 
a Statistical tetranucleotide residue with a 
pentose-to-phosphorus ratio of 4.84 for pen- 
tose nucleic acid(5). If the theoretical and 
actual values were not within 5% of each 
other, the results were discarded, except in the 
case of nuclear PNA, when discrepancies 
tended to be as great as 10-15%. 

Results. Table I+ summarizes the data ob- 


+ While the text uses the notation PNA and DNA, 
all tables indicate values for ribose and desoxy- 
ribose, since these were the substances 
measured. 


actually 
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TABLE I, Effect of Cortisone Administration upon Rat Liver Composition.* 


Type of —  yug/g wet liver —, Ay ——mg/g wet liver —, 
Group exp. Ribt DRib¢ Rib/DRib Glucose Nitrogen % dry wt 
I Normal A409 == V7 9 Diets Sil 4.70 + .01 5.21 35.3 + .04 28.8 + .01 
(21) (21) (5) (6) (5) 
II Cortisone 3449+ 87 751415 4. Oleataee lean Om =O. Ou eroselest= ey B0Log==-08 
(15) (15) (13) (9) (10) 
10 8b Recovery§ 4786+ 226 930+ 31.7 498+ .22 582+ .71 362 +.11 30.2 
(5) (5) (5) (5) (5) (2 


* Avg and stand. error of mean. 
+ Ribose x 2. 
t Desoxyribose. 


§ Animals killed 8 days after last dose of cortisone. 


Figures in parentheses refer to No. of exp. 


TABLE II. Effect of Cortisone Administration upon Composition of Rat Liver Cell Cytoplasm.* 


Ribt = 
Group Type of exp. Mitt Mi§ Uj Sf 
I. °° Normal 158+14 1029+ 35 235 +21 197 + 9 
(7) (8) (9) (7) 
Ame Cortisone 0 0 1003 + 56 Pomel 
(15) (15) (13) (17) 
TOI Recovery** 392 == 43 1168 + 159 DPM) se 25) 296 3 
(4) (5) (5) (5) 
* Avg and stand. error of mean. + Ribose X 2, ug/g wet liver. t+ Mitochondria. 
§ Microsomes. || Ultracentrifugable. §] Non-sedimentable. ** Ammals killed 8 


days after last dose of cortisone. 
Figures in parentheses refer to No. of exp. 


tained on the effects of cortisone upon the 
composition of rat liver. Following cortisone 
administration for 5 days (Group II) the 
PNA and DNA per g of liver decreased as 
compared to controls (Group I), while the 
ratio PNA/DNA remained essentially un- 
changed. Hepatic glucose content increased 
10-fold while the nitrogen and water content 
were quite similar to that found in the normal 
animals. Eight days after cortisone adminis- 
tration (Group III), the liver composition had 
returned to that of untreated controls. 

Table II shows the results of cytoplasmic 
fractionation. Mitochondria and microsomes 
from normal liver were rich in PNA. The 
most striking finding following cortisone ad- 
ministration (Group II) was the inability to 
demonstrate mitochondrial and microsomal 
PNA, although in each instance a small pellet 
was obtained by centrifugation. The figure 
for mitochondria of Group II given in Table 
II is zero, although in 2 out of 15 experiments 
significant material was obtained. Apprecia- 
ble PNA was obtained in the microsomal frac- 


tion on only one occasion. The U fraction 
increased almost 5-fold, while the nonsedi- 
mentable nucleic acid increased about 30%. 
While the possibility exists that the increase 
in the U fraction represented mitochondria 
and microsomes that sedimented under in- 
creased G, this possibility was discarded be- 
cause of two considerations. Studies (unpub- 
lished) using P32 indicate the normal U rela- 
tive specific activity (RSA) to be 4 times that 
of mitochondria or microsomes. The RSA of 
U in livers of cortisone-treated animals is es- 


TABLE III. Effect of Cortisone upon Composition 
of Rat Liver Cell Nuclei.* 


Type of Avg 
Group exp. DRibt Ribt Rib/DRib 
Tet SH NomAl= mee O55e0* 57,128 2640 206 
(17) (7) 
II Cortisone fies 43.7 058 
(15) (4) 


* Avg and stand. error of mean. 

+t Whole liver desoxyribose, ug/g wet liver. 
t Nuclear ribose X 2, ug/g wet liver. 
Figures in parentheses refer to No. of exp. 
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Fig. 1-4, sections stained with aqueous toluidine blue. 4 


FIG. 1. Normal rat, buffer (pH 6.8) control section. Abundant basophilic granulation 
cytoplasm. 


in 
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FIG. 2. Section of same liver placed in ribonuclease-buffer solution (pH 6.8) for 5 hr. 
Basophilia greatly reduced by enzymic hydrolysis. 
FIG. 3. Cortisone-treated rat, buffer-control section. Very small amount of cytoplasmic 


basophilia. 


FIG. 4. Same liver as in Fig. 3, but section was subjected to ribonuclease. 


reduction of basophilia by action of enzyme. 


No significant 


Fig. 5 and 6, sections stained by gallocyanin-chromalum at pH 2.5. 


FIG. 5. Normal rat. Large amount of cytoplasmic basophilia. 
FIG. 6. Cortisone-treated animal. Very sparse cytoplasmic basophilia. 


sentially the same as that of the normals. 
Dilution of an active fraction with an inactive 
one should produce significant decrease in 
RSA of the active one. This was not ob- 
served. The second consideration arises from 
microscopic examination of films made of the 
U fraction using osmic acid fixation. No sig- 
nificant mitochondrial material was seen.$ 
Table II further shows that in the “recovery” 
animals (Group III) a return to almost nor- 
mal values was noted except for what appears 
to be over production of Mit and S PNA. 


Table III summarizes the studies of nuclei. 
Following cortisone treatment (Group II), 
nuclear PNA was reduced on a per g basis as 
compared to control animals (Group I), but 
the amount of PNA per unit of DNA was 
almost identical in the two groups. 


The sum of isolated cytoplasmic and nu- 
clear PNA does not equal the amount found 
in the total liver brei in either the control or 
experimental animals. This is probably due 
to the fact that wash waters were not an- 
alyzed. However, the loss of PNA was of the 
same order of magnitude (approximately 
50%) in each group of animals. 


The histologic findings are illustrated in 
Fig. 1-6. In contrast to normal animals, fol- 
lowing administration of cortisone for 5 days, 
essentially no cytoplasmic basophilia could 
be demonstrated by staining with aqueous 
solutions of toluidine blue or with gallocyanin- 
chromalum at pH 2.5. The small amount of 
residual basophilia was not significantly de- 
creased by ribonuclease hydrolysis. While the 
demonstration of cytoplasmic basophilia by 
these methods is considered to be specific for 
PNA(2,9), such methods are not specific for 
mitochondria. However, it is generally be- 
lieved that the major contributor to cyto- 


§ We are indebted to Dr. Daljit Sarkaria for the 
preparation and interpretation of these films. 


plasmic basophilia of liver cells is the PNA 
normally associated with mitochondria and 
microsomes. In no sections was there evi- 
dence of necrosis. 

Eight days after cessation of injection of 
cortisone, cytoplasmic basophilia and acido- . 
philia had increased, and returned to levels 
observed in normal rats. 

Discussion. The findings demonstrate that 
no mitochondrial or microsomal PNA is iso- 
lated by centrifugation from livers of rats 
that had previously received cortisone, when 
isotonic alkaline saline is used as the suspend- 
ing medium. Furthermore, the hepatic cells 
are altered by this hormone to the extent that 
the cytoplasm no longer responds character- 
istically to staining methods that demonstrate 
PNA. From these results, however, it cannot 
be concluded that mitochondria or microsomes 
as organized particulate units are not present 
in the livers of cortisone-treated rats. 

Since the ratio of total PNA to DNA in 
the liver was not significantly altered by cor- 
tisone, one may conclude that on the basis 
of considerations previously presented(1) 
there was probably no overall loss of PNA; 
however, the location of PNA in the cyto- 
plasm seemed altered. Since the particles 
making up the U fraction are not visible in 
the light microscope, an increase in PNA in 
that fraction should not affect cellular baso- 
philia. The increase of PNA in U and S 
was approximately equal to the amount nor- 
mally present in mitochondria and micro- 
somes. These two findings suggest that one 
effect of cortisone is to cause a translocation 
of PNA in liver cells from mitochondria and 
microsomes to U and S. If mitochondria and 
microsomes are not removed from liver cells 
by cortisone, both these particulates are 
nevertheless grossly altered, for they no longer 
seem to be associated with significant amounts 
of PNA. 
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It is doubtful that all mitochondria are 
removed from liver by cortisone, since these 
particles are the locus of several enzymes, 
without whose function metabolism seems 
unlikely(10). The observation of alterations 
in mitochondrial material in liver cells was 
an unexpected finding in these experiments. 
However, several carcinogenic dyes have been 
reported to change not only the PNA con- 
tent of mitochondria but also the number per 
liver cell{ 11,12). Accompanying these changes 
there was an alteration in the amount of suc- 
cinoxidase activity per cell(13,14). 

The essentiality of microsomes and micro- 
somal PNA for cellular metabolism is not 
definite. It is interesting in this connection 
that Barnum and Huseby(15) have recently 
shown that PNA can be removed in vitro from 
microsomes of mouse mammary gland infected 
by the milk agent virus without any loss of 
infectivity of such microsomes. 

Elucidation of. the problem of whether or 
not mitochondria and microsomes are truly 
removed from liver cells by cortisone may be 
accomplished by studies using staining meth- 
ods specific for mitochondria and electron 
microscope examination for microsomes. 

Summary and conclusions. (1) PNA was 
not demonstrated in the mitochondria or 
‘microsomes obtained by differential centri- 
fugation from liver cells of cortisone-treated 
rats. (2) The characteristic hepatic paren- 
chymal basophilia usually demonstrated by 
staining with toluidine blue and by gallo- 
‘cyanin-chromalum at pH 2.5 was also lacking. 


(3) Eight days after cessation of cortisone 
administration, liver composition had returned 
to normal. 
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Calorimetric Estimation of Catalase Activity.*+ (20545) 


HERBERT D. LANDAHL. 


(Introduced by J. M. Coon.) 


From the U. S. Air Force Radiation Laboratory, University of Chicago. 


The estimation of catalase activity is gen- 
erally carried out by measuring the amount 
of oxygen evolved or the amount of peroxide 
decomposed(1-5). Though hydrogen perox- 


*This study was supported by funds provided 
under contract with USAF School 
Medicine, Randolph Field, Texas. 


of Aviation 


ide is generally used, perborate has also been 


+ The author is indebted to Mr. T. Tracewell and 
to Miss J. Taubman for technical assistance in 
some parts of this work. The human blood samples 
were supplied through the courtesy of Dr. Evelyn 
Adams. The author is indebted to Dr. J. M. Coon 
for reading and discussing the manuscript. 
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used as a substrate(6). It is desirable, when- 
ever possible, to have methods of measure- 
ment which involve experimentally indepen- 
dent quantities. The amount of heat liberated 
may be used to measure activity. The present 
communication presents a simple and rapid 
method for the estimation of catalase activity 
which is particularly convenient for the assay 
of blood. The method requires the measure- 
ment of the maximum temperature rise after 
the addition of the enzyme. A clinical ther- 
_mometer is convenient to measure the maxi- 
mum temperature. 

Method. To a plastic test tube, 15 mm in 
diameter, 9 cm length and weight of about 
2 g, add 1 small drop of capryl alcohol and 
5 ml of aqueous solution, at 25°C, containing 
0.50 ml of Superoxol (30% H»sOs) and about 
1 ml of nearly neutral phosphate buffer (1 
part 0.1 M NasoHPO, to 1 part 0.04 M 
NaH2PO,). Place a thermometer into the 
tube and set the tube into a test tube holder 
consisting of a block of wood with holes about 
8 cm deep and 1.8 cm diameter. The holes 
should be about 4 cm or more between cen- 
ters. Each hole should have a collar at the 
top which centers the tube in the hole and 
the bottom of the hole should be tapered so 
that only a small ring shaped area at the bot- 
tom of the test tube contacts the wood. If 
the room temperature is not close enough to 
25°, glass test tubes filled with water at 25°C 
may be kept in the holder for some time in 
advance and the temperature checked just 
before use. The wooden block must be kept 
dry. Just before adding the blood sample, 
the thermometer is read. The temperature 
should be 24.5 to 25.5°C. The blood sample, 
0.01 ml, is blown out slowly on to the bulb 
of a clinical thermometer (scale range prefer- 
ably 33-43°C and shaken to below 33°) which 
is then lowered into the solution and used to 
stir for 15 seconds. Should there be difficulty 
in blowing the blood from the pipette, the tip 
should be moistened with water. The final 
temperature may be read at any time after 
about 8 min. If at this time the clinical 
thermometer is found not to have changed due 
to the fact that a temperature of 33°C or 
above has not been achieved and if not more 
than 10 min. have elapsed, a fairly satis- 


factory estimate of the temperature rise can 
be made by inserting a low heat capacity 
thermometer, warmed to about 30°, and the 
temperature read after stirring. 

Modifications. The blood may be diluted 
up to about 0.3 ml with buffer if the initial 
volume is adjusted and if the temperature of 
the added solution does not differ from 25° 
by more than one or 2 degrees. However, 
the samples are less stable when diluted and 
should be iced if not used within a few min- 
utes. If whole blood is oxalated and iced, 
the activity drops very slowly, about 10% in 
a week. Occasionally it may be convenient 
to work with diluted samples of blood. In 
this case, 0.01 ml blood in 4.5 ml buffer solu- 
tion which has been kept cold is quickly 
brought to 25° in a plastic tube. A drop of 
capryl alcohol is then added. The tube is 
placed into the wooden test.tube holder and 
its temperature recorded. Then 0.50 ml of 
Superoxol at 25° + 1°C is added and the 
solution is stirred for 15 seconds. The maxi- 
mum temperature rise is then read any time 
after about 8 minutes. If the volumes are 
all doubled the temperature rises will be 
somewhat more than 1% higher. If the 
volumes are increased ten fold, using large 
plastic centrifuge tubes, the temperature rise 
will be about 5% higher when 0.015 ml or 
more of an average blood sample is used for 
each 5 ml final volume. If the volume is cut 
down to 2 ml, the temperature rise is de- 
creased only by about 5%. When glass test 
tubes 10 cm long, 13 mm diameter, weight 
9 g are used instead of plastic tubes, essen- 
tially the same results will be obtained pro- 
vided that 1 ml of water is left out and the 
tubes are insulated by placing them into a 
roll formed by three double facial tissues, 
each folded in half. 

The results are rather insensitive to pH. 
When only the monobasic phosphate (pH 
4.5) is used the activity is only reduced by 
about 10% whereas when only the dibasic 
phosphate (pH 8.9) is used, the temperature 
rise is not significantly affected. The results 
are also rather insensitive to the amount of 
buffer added unless considerable more is ad- 
ded than that recommended. On the other 
hand, leaving out the buffer had no appre- 
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FIG. 1. 
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ciable effect. If the initial temperature is 
appreciably greater than 25°C the tempera- 
ture rise will be more rapid at first but the 
total rise will be smaller by about 2% for 
each degree. 

Standard curve. In Fig. 1 (curve A) are 
shown the results of measurements of the 
temperature rise due to various amounts of 
Armour’s catalase, the activity being veri- 
fied by the method defining the Keil unit. 
From the graph it can be seen that the 


RECIPROCAL OF TIME IN MIN. FOR MAX. TEMP 


.30 40 .50 
CATALASE ACTIVITY INKEIL UNITS (ARMOUR EXTRACT) 
EPLG. 2. 


temperature rise is very nearly linear with 
the amount of enzyme added up to 16°. 
The results in the graph are in part from the 
method in which the peroxide is added and 
in part from the method in which the enzyme 
was added. The temperature rise is relatively 
insensitive to the concentration of peroxide 
if the activity is within the linear range. The 
curves B and C will be discussed subsequently. 

In Fig. 2 are shown the reciprocal of the 
time for maximum temperature as well as 
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TEMPERATURE RISE 


TIME IN MINUTES 
FIG. 3 


the amount of HsO. decomposed after sev- 
eral hours. In this connection it may be 
pointed out that for enzyme concentrations 
up to 0.12 Keil units, the amount of peroxide 
decomposed after a long time (somewhat more 
than 10 min. for 0.12 Keil units) under the 
above conditions is the same as that decom- 
posed in 10 min. under the conditions defining 
the activity unit. The latter value is about 
86% of the amount that would be decomposed 
in an hour, the enzyme being practically all 
destroyed at that time. Note that one Keil 
unit decomposes 1 g H2Oz in 10 min. at pH 7, 
25°C, when the HsO:2 concentration is at 
0.2% and the recommended phosphate-cit- 
rate-acetate buffer is used. 

Since the heat loss varies somewhat with 
the materials used for tubes and insulation 
it may be desirable to give as a reference a 
standard maximum temperature rise. This 
-is done as follows. At time zero add about 
0.01 ml blood to the peroxide solution con- 
taining 5.0 mM H2Os2 (very close to 0.50 ml 
30% H2Oz), starting at 23-24°C, and adding 
a larger drop (0.04 ml) of capryl alcohol. 
Stir for about 15 seconds, then add a second 
0.01 ml sample at 30 seconds and a third at 
60 seconds, stirring just before and after each 
addition. A maximum temperature rise of 
about 19°C will be reached at very close to 


1% min. The temperature rise will be roughly 
linear over this period of time and relatively 
independent of the activity of the sample 
used. 

The concentration of the peroxide may be 
verified to within a few per cent by estimat- 
ing the heat liberated under the conditions 
for the standard temperature rise. The heat 
loss may be estimated by warming the tube 
containing 5 ml of aqueous solution to slightly 
above 43°C. When the temperature is 43.0°C 
lower the tube quickly into the wooden block 
and stir and record the temperature at 45”. 
At this time, which is half the time to the 
maximum, the temperature fall should be 
about 1.5°C. This added to the measured 
temperature rise is the corrected temperature 
rise (ca. 20.5°C). The heat capacity of the 
system is 5.0 for the aqueous solution minus 
about 0.1 for the volume change, due to the 
reaction, and 0.25 for the thermometer, 0.3 
for the plastic tube and 0.05 for the added 
solution and capryl alcohol. The product of 
the heat capacity and the temperature rise 
(5.5 x 20.5= 113) should be equal to the 
heat liberated less about 2 calories to account 
for the loss due to the specific heat of O2 and 
evaporation of water. If we take 23.4 cal/ 
millimol then the heat liberated should be 
115 calories. 
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Time course of heat liberation. The time 
course of liberation of heat was followed for 
a few values of the enzyme concentration. In 
these cases 0.3 ml HO. was left out in order 
to compensate for the difference in heat ca- 
pacity between the thermometer used and a 
clinical thermometer. The results are shown 
in Fig. 3. 

If the solution is diluted by about 4-fold, 
the heat liberated becomes very insensitive to 
the peroxide concentration. Also the heat 
loss is substantially less. Even with a con- 
stant temperature outer wall the heat rise 
will be nearly 5 degrees. The heat loss now 
can be quantitatively measured and the in- 
stantaneous temperature recorded continu- 
ously. If it is desired not only to assay a 
preparation but also to measure reaction rates, 
the interpretation of the measurements are 
less complicated if the temperature is nearly 
constant. This condition can be met if the 
solution is further diluted so that the effect 
of the temperature change on the reaction 
rate can be neglected. 

Comparison of the time course of activity 
as measured by heat liberation, oxygen evolu- 
tion and titration of residual H,O». Fer the 
purpose of estimating an absolute amount of 
heat liberated, it is easier to use larger vol- 
umes, keeping the surrounding temperature 
constant. The temperature loss is then smaller 
and more easily estimated. In order to esti- 
mate the amount of Os evolved at any time, 
it is necessary to keep the solution volume 
small and to shake the solution violently be- 
fore making readings so as to reduce the 
effect of the supersaturation by Oy. In the 
results to be discussed in this section generally 
10 ml of solution were placed into a 20 ml 
Warburg flask connected by means of very 
small rubber tubing to two 100 cc syringes 
immersed in an ice bath. The volumes of Oz 
liberated were therefore up to 112 cc at 0°C, 
760 mm Hg. The flask was insulated so that 
its temperature would closely parallel that of 
the corresponding solution used to follow the 
temperature. The effect of the temperature 
change of the 10 cc of gas in the flask was 
slight. The volume of Os liberated could 
then be followed with time measured from 
the time of mixing of the enzyme and the 


TABLE I. Comparison of O, Liberation, Heat 
Evolution and Titration of Residual H,O,. 


Time ,—.19 KU—— —.09KU-— ,—.10KU—, 
(min.) Gas Tit. Heat Gas Tit. Tit. Heat 


il oie Onn ett slike yl2! = = 
2 44 46 46 elu we sly 32 34 
3 Or, es O ere SS = = — 
5 Ob ey 2G 35 36: 56 59 


10 99 .99 99 58 58 29 61 
20 08 .60 61 
solution. The values thus obtained could be 


compared with the amounts of heat developed 
as well as with the results of titration with 
KMn0O, of the remaining H2Os for given ex- 
perimental conditions. Some typical results 
are shown in Table I. The results in the last 
two columns are for a case in which the start- 
ing temperature was about 4°C higher than 
the temperature for the others (25°C). The 
results of the three methods can be seen to 
be very nearly the same except for a ten- 
dency for the heat liberation to be slightly 
higher than the others. The values given in 
the table are fractions of their respective 
maximum possible values. 


Results with human subjects. Blood 
samples, drawn for routine examinations on 
58 nominally normal individuals, were used 
to test the method. The samples were shaken 
with oxalate and refrigerated immediately 
after being drawn. The results of such meas- 
urements are shown in Fig. 1, the frequency 
distribution, F, of the temperature rise being 
shown on the right (curve B), that of the 
activity on the lower scale (curve C). In 
curve B, the scale is the same as that on the 
left. Also given are the deviates o of the 
distribution in terms of the standard devia- 
tion, the smooth curve being the normal error 
curve. For curve C the abscissa is the same 
as that of curve A. In this case only the 
normal error curve is given. The standard 
deviation is that of the average of various 
groups. The variation between groups was 
not very large. 

A few trials on rabbit and mouse blood 
suggest that 0.02 ml of rabbit blood in 5 ml 
final volume is satisfactory whereas for mouse 
blood 0.02 ml in 2 ml final volume gives a 
sufficient temperature rise. 

Although the method has been used with 
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blood samples, it may be useful for estimating 
the activity in tissues. This is especially the 
case if this method can be used where there 
is marked interference with the titration of 
remaining peroxide. 

Summary. A method is described for esti- 
mating catalase activity by the amount of 
heat liberated. The latter is estimated from 
the temperature rise of the solution, the maxi- 
mum temperature being conveniently recorded 
by a clinical thermometer. The average 
temperature rise of the solution to which 0.01 
ml of human blood was added was found to 
be about 12°C, corresponding to a liberation 
of 0.4 M or 14 g of H2Oz by each ml of blood. 


Origin and Development of the Urogenital Union in the Chick.* 


JosEpH A. SMOLAR. 
From the Department of Zoology, 


The literature(1) on the origin of the rete 
in amniote embryos reveals 3 general view- 
points: (1) that the rete derives from the 
renal corpuscles of the mesonephros and joins 
the gonad secondarily; (2) that the rete 
arises from the germinal epithelium and only 
secondarily becomes associated with the meso- 
nephros; (3) that the rete differentiates with- 
in the mesenchyme between the gonad and 
the mesonephros and connects secondarily 
with both. Torrey(2), in analyzing rete de- 
velopment in the albino rat, contended that 
the primordial rete differentiates from the 
gonadal blastema coincidentally with the sex 
cords, and only later becomes associated with 
the mesonephros. His position is thus some- 
what unlike all the above, but is most closely 
allied with the second. 

The present study on the chick embryo 
follows lines similar to those outlined by Tor- 
rey and is designed to resolve the conflicting 
opinions of this segment of avian develop- 
ment. It includes both a redescription of 


* Contribution No. 509 from the Zoological Labor- 
atories, Indiana University. 
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Some comparisons are made of the time course 
of the liberation of heat with that of the 
evolution of Og and the disappearance of 
H2O2 as estimated by titration. 
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(Introduced by T. W. Torrey.) 


Indiana University, Bloomington.t 


normal ontogeny of the rete and an experi- 
mental analysis. 

For descriptive study, Barred Rock em- 
bryos and chicks were collected from the 96th 
hr of incubation to the 30th day after hatch- 
ing. In the earlier stages, 4-9 days incubation, 
the embryos were collected at 8 hr intervals; 
from the 9th day of incubation to the 15th 
day after hatching, specimens were collected 
only at daily intervals; from the 15th-30th 
day after hatching, chicks were chosen at 2-3 
day intervals. All of the material was fixed 
in Bouin’s fluid, sectioned transversely at 10- 
15 uw, and stained either with Mallory’s triple 
stain or Heidenhain’s “Azan” modification of 
the Mallory method. 

Normal ontogeny. The primordial, sexually 
undifferentiated rete first appears in embryos 
of 112 hr as strands of cells (Fig. 1) extend- 
ing from the bases of the primary sex cords 
into the mesonephric stroma. From the be- 
ginning the rete is in structural continuity 
with and is interpreted as having a common 
origin with the primary sex cords. For the 
next 2 days there is little to distinguish males 
from females rete-wise, but in male embryos 
of 7 and 8 days the strands of rete testis will 


80 RETE IN THE CHICK EMBRYO 


PLATE 1 

FIG. 1. Strands of primordial rete (RS) projecting from gonad (G) and in contact with 
renal capsules (RC). 112-hr embryo. Mallory, 200. 

FIG, 2. Rete testis (RT) of 11-day embryo. Mesonephric tubule (MT); testis cord (TC). 
Note interruption of rete tissues by blood vessels. Mallory, x 200. 

FIG. 3. Fusion of rete testis and walls of renal capsules. Arrow points to an area of fusion. 
12-day embryo. Mallory, < 100. 

FIG. 4. Initial cavitation of rete testis. 3-day chick. Mallory, x 200. 


have become more bulky and by the 11th day the potential epididymis is established by this 
subjected to considerable vascular invasion fusion, at this time the rete and sex cords 
(Fig. 2). Fusion of rete testis and renal cor- are solid. A few of the rete cords appear 
puscles is inaugurated by the 12th day and __ to blend with the nearby adrenal cortex rather 
continues through hatching (Fig. 3). While than the renal corpuscles. Cavitation of the 
morphological continuity from the potential rete testis usually begins near the third day 
tubuli recti of the testis through the rete to after hatching (Fig. 4), although sometimes 
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PLATE 2 


FIG. 5. Rete testis of 3-week-old chick. Note continuity of rete tubule and sex cord. Mal- 


lory, 100. 


FIG. 6. Rete ovarii (RO) of a 7-day embryo. Mallory, X 100. 
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x 100. 


FIG. 8. Strands of primordial rete (RS) passing from gonad (G) towards adrenal cortex 
(AC). Mesonephros absent as result of block of wolffian duct. Mallory, x 100. 


earlier; cavitation of the sex cords by the 
end of the third week after hatching. In the 
meantime the rete testis has become a system 
of broad, branching tubules with clean cavern- 
ous lumina (Fig. 5). With the establishment 
of the seminiferous tubules, the “open” sys- 
tem from the testis via the rete to the epidi- 


dymis is complete. While the strands of cells 
constituting the rete cvarii are in 7-day em- 
bryos (Fig. 6) essentially like those of the 
rete testis, they are more tenuous and never 
become so bulky as in males. Shortly (176 
hr), too, the ovary is characterized by degen- 
eration and vacuolation among those medul- 
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lary cords which are adjacent to the mesone- 
phros. This vacuolation of the medullary 
cords is accompanied by a further thinning 
and reticulation of the rete tissues. By the 
9th day vacuolation of the deeper medullary 
cords has progressed so that at many points 
their walls are reduced to thin strings of cells. 
These in turn are continuous with the tenu- 
ous rete strands which pass into the mesone- 
phros and fuse with the capsules of the renal 
corpuscles (Fig. 7). While the rete ovarii 
increases in bulk for the next few days and 
clearly blends with the renal corpuscles, it is 
never at any time so voluminous as in male 
embryos of corresponding age. Ultimately, 
too, the rete system will become virtually 
isolated in the mesovarium, for from the 12th 
day the connection of medullary and rete 
cords becomes more and more tenuous and 
within a day or two after hatching the junc- 
tions of rete and renal corpuscles have begun 
to break down as well. By the 15th day after 
hatching the vacuolated medullary cords will 
have disappeared almost entirely, and with 
their mesonephric connections now scanty, 
the rete cords, some showing incipient lumina 
since the 3rd day, are essentially isolated. 


Experimental analysis. The experimental 
method used by Torrey(2) on the albino rat 
in which he cultivated separately the primor- 
dia of the gonad and of the mesonephros in 
the anterior chamber of the adult rat eye is 
not feasible for the chick embryo. In the 
chick, the association of the primordial gonad 
and mesonephros is too intimate to permit 
such a separation. However, several investi- 
gators have reported an operation in chicks 
which provides an excellent tool for this 
problem. Gruenwald(3) found, in agreement 
with Boyden(4) and substantiated by Wad- 
dington(5), that the differentiation of nephro- 
genic tissue into mesonephros took place only 
where that tissue was in contact with the 
wolffian duct. If a block or injury were made 
in such manner as to interrupt the backward 
growth of the wolffian duct, mesonephric tub- 
ules failed to appear, but, in the absence of a 
wolffian duct and mesonephros, the gonad 
developed normally. This is obviously highly 
significant, for if, in the absence of the meso- 
nephros, it were found that the rete develops 


in association with the gonad, then the rete 
is shown to be gonadal in origin. On the 
other hand, if the rete does not appear, it 
may mean one of two things: either the rete 
is mesonephric in origin, or, is gonadal in 
origin but requires an inductive stimulus pro- 
vided by the mesonephric tubules. Thirty- 
hour embryos of Barred Rock chickens were 
exposed via an opening sawed through the 
shell. An extremely fine glass needle was in- 
serted to a depth of approximately one milli- 
meter immediately caudal to the last dis- 
tinctly formed somite on the left side of the 
embryo. When the needle was withdrawn, 
some yolk was allowed to extrude. This plug 
of yolk served as the block for the excretory 
duct. When the operation was completed, 
the opening was closed by an egg-shell cap. 
Because of a high mortality rate, experi- 
mentals were not recovered beyond the 6th 
day of incubation. This appeared to reflect 
a critical period of embryonic physiology at 
about the 96th hr of incubation, wherein any 
interference with the excretory system is es- 
pecially deleterious. Recovered embryos were 
prepared for microscopical study in conven- 
tional fashion. 

The experimental results fall into 2 groups: 
one set of 12 embryos which show a complete 
absence of one mesonephros, and a second 
set of 22 embryos which show a variably 
incomplete block of one mesonephros.  Al- 
though the latter group does not provide a 
critical test for the problem at hand, it does 
give results worth discussion. Only typically 
illustrative cases will be described and ana- 
lyzed. 


A. Complete block of mesonephros. The 
first embryo selected for illustration was sac- 
rificed after 112 hr of incubation, at which 
stage the rete normally appears. A well de- 
veloped mesonephros with a normally develop- 
ing gonad occurs on the right side of the 
embryo. By contrast, there is a large empty 
space on the left side. The left mesonephric 
body is entirely lacking; in fact, even the 
potential mesonephros, 7.e., nephrogenic _tis- 
sue, is very much reduced. In spite of this 
lack of nephrogenic material, a well developed 
and normal gonad appears on the operated 
side. This gonad has an extensive and nor- 
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mally developed germinal epithelium sharply 
delimited by a basement membrane. Cen- 
trally small, cordlike masses of cells, the 
primary sex cords, appear, and from the bases 
of the latter, several distinct strands of cells 
(the incipient rete strands) pass out between 
the intervening blood vessels toward the de- 
veloping adrenal cortex (Fig. 8). 


Similar conditions are found in a slightly 
older embryo (120 hr). The left gonad pro- 
jects as an ovoid mass and is clearly much 
larger than at 112 hr. The greater bulk of 
this gonad has resulted from proliferation of 
the primary sex cords in its central portion. 
From the bases of these cords and clearly 
continuous with them, rete strands flare out- 
ward to meet and blend with the cells and 
cordlike processes of the adrenal. 


In a 6-day experimental embryo, the gonad 
is still larger and definitely spherical in shape. 
It has a well defined germinal epithelium 
which contains a number of germ cells. In 
. the deeper portions of the gonad there are 
numerous, spherical and elongated primary 
sex cords, with an occasional germ cell present 
therein. Rete strands are present and project 
from the sex gland. They unite as before 
with the tissues of the adrenal bodies. 


It is clear, then, that even in the absence 
of the mesonephros a normal gonad makes its 
appearance at the usual time and in the usual 
place, and that from the medullary cords of 
these ‘‘isolated” gonads rete strands project 
toward the adrenal cortex. It will be recalled 
that in the normal ontogeny of the rete a 
similar association between some of the rete 
cords and the adrenal] cortex prevails. But 
whereas the bulk of the rete normally joins 
the mesonephric capsules, in these cases ex- 
perimentally deprived of their mesonephroi 
all the rete strands run to the adrenal. The 
significance of this is difficult to assess, al- 
though one might speculate that the rete 
cords have a predilection for attachment to 
other bodies and in the absence of their normal 
attachment site, i.e., the mesonephric capsules, 
seek out the nearby adrenal cortex instead. 
In this connection it is interesting that adreno- 
cortical material has been described in asso- 
ciation with the rete and epoophoron in the 


ovaries of such mammals as moles and squir- 
rels(6) and pikas(7). 

B. Incomplete block of mesonephros. In 
this series, the mechanical block of the wolf- 
fian duct was successful only in varying de- 
grees; thus, all of these embryos show some 
traces of mesonephric differentiation. Since 
the amount and the particular location of 
the mesonephros varies greatly, separate de- 
scriptions of the differing situations are neces- 
sary before a general evaluation of the results 
can be made. 

1. Mesonephric differentiation anterior to 
the gonad: In 4 embryos (with incubation 
ages from 120 to 144 hours) only 3-5 meso- 
nephric tubules differentiated; 3 others (incu- 
bated 120-136 hours) have 6-10 tubules 
present. No renal corpuscles appear on the 
operated side in any of these embryos. Most 
importantly, the mesonephric differentiation 
which occurs is so far anterior as to leave the 
gonads isolated. In these “isolated” gonads, 
rete strands flare out from the ends of the 
primary sex cords and join the adrenal bodies. 

2. Mesonephric differentiation posterior to 
the gonad: Three embryos (120 hours) have 
3-6 tubules and one (136 hours) has 6-10 
tubules which develop posterior to the gonads 
leaving them isolated as in the previous in- 
stance. One embryo shows a few renal cor- 
puscles on the operated side; the others have 
none. In all of these “isolated” gonads, rete 
strands flare out from the ends of the primary 
sex cords and join the adrenal bodies. 

3. Mesonephric differentiation anterior to 
and flanking the gonad: Seven embryos (aged 
120-144 hours) have 3-10 mesonephric tubules 
on the operated side; 3 of them also have 2-4 
renal corpuscles present. In these cases, the 
mesonephric differentiation flanks the gonad 
to some extent. In spite of this, rete strands 
are to be noted projecting from the gonad 
toward the neighboring adrenal tissue. 

4. Mesonephric differentiation alongside the 
gonad: Two embryos (126 hours) have 2-5 
mesonephric tubules and one embryo (136 
hours) has 6-10 mesonephric tubules which 
develop somewhat laterally to the gonad. 
There is no trace of renal corpuscles in any of 
these cases. Rete strands are clearly discern- 
ible in the gonads of these embryos; they pass 
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out from the gonad toward the neighboring 
adrenal tissue. 

5. Mesonephric differentiation both anterior 
and posterior to the gonad: In one embryo 
(120 hours) 12-15 mesonephric tubules ap- 
pear together with 2 renal corpuscles. As all 
of the mesonephric differentiation occurs an- 
terior and posterior to the gonad, the sex 
gland is again “isolated”. Rete strands are 
clearly present and project toward the adrenal 
cortex. 

In assessing these 22 cases showing meso- 
nephric differentiation on the operated side, 
it should be noted that in all, a normal gonad 
with a full complement of rate strands de- 
veloped in conjunction with an extremely 
small number of mesonephric tubules. The 
number of mesonephric tubules varied from 
1-15. Now, if the mesonephric tubules or the 
renal corpuscles are the material source of the 
rete, then quantitatively there should be a 
corresponding deficiency of the rete. On the 
contrary, the rete on the operated side is al- 
ways comparable to its counterpart on the 
unoperated side. Further, only 6 of the 22 
cases have any renal corpuscles whatsoever on 
the operated side, yet rete strands are seen 
to develop and differentiate at a normal rate 
in all. These results, therefore, militate 
against a tubular or capsular origin for the 
TELE: 


Summary. The primordial rete of the chick 
embryo is a product of the gonadal blastema. 
It differentiates coincidentally with the 
primary sex cords with which it is continuous 
from the beginning. The rete testis is elab- 
orated into a well vascularized network which 


invades the anterior portion of the meso- 
nephros. There the rete tissues invest and 
ultimately fuse with the capsules of renal cor- 
puscles. Cavitation of the rete testis begins 
within the first 3 days after hatching and is 
well advanced by the end of the 3rd week, 
when lumina appear in the sex cords. The’ 
rete ovarii in general parallels the develop- 
ment of the rete testis. 
always less and shows only incipient cavita- 
tion. As a result of breakdown of the medul- 
lary cords accompanied by a disintegration of 
the connection between rete and renal cap- 
sules, the rete ovarii ends up as a rudiment 
isolated in the mesovarium. In embryos where 
a complete block of one mesonephros is ef- 
fected experimentally, rete cords make their 
appearance associated and continuous with 
the sex cords of a normally differentiating 
gonad. In these cases, rete differentiation is 
independent of mesonephric differentiation. 
Embryos with the mesonephros only partially 
blocked on one side give evidence less critical 
but favorable to the view of gonadal origin 
of the rete. 


1, Willier, B. H., Allen, Sex and Internal Secre- 
tions, 2nd edit., Williams and Wilkins Co., 1939, 
Chap. III, 64. 

2. Torrey, T. W., Am. J. Anat., 1947, v81, 139. 

3. Gruenwald, P., Arch. f. Entw.-mechan. d. Org., 
1937, v136, 786. 

4. Boyden, E. A., Proc. Soc. Exp. Brot. AND MED., 
1927, v24, 572. 

5. Waddington, 'C. H., J. Exp. Biol., 1938, v15, 371. 

6. Mossman, H. W., Anat. Rec., 1946, v94, 484. 

7. Duke, K. 1. Anat. Rec. 1952) viloiay3 


Received July 22, 1953. P.S.E.B.M., 1953, v84. 


A Comparison of Fungistatic Properties of Three Aromatic Diamidines. 
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WILLSON J. FAHLBERG. 


(Introduced by Kenneth L. Burdon.) 


From the Department of Microbiology, Baylor University College of Medicine, Houston, Texas. 


The introduction of the aromatic diamidines 
as hypoglycemia-producing agents and the 
demonstration of their chemotherapeutic ac- 
tivity in protozoal diseases has led to experi- 
mental studies on their activity in the fields 


of bacterial, mycological, and neoplastic dis- 
eases. Favorable clinical results in patients 
suffering from blastomycosis(1,2), actinomy- 
cosis(3), and nocardiosis(2) have been re- 
ported following treatment with stilbamidine. 


However, its bulk is | 
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Observations following treatment with the 
aromatic diamidines in histoplasmosis(4-7), 
torulosis(8), and coccidiomycosis(9) have 
been variable. Studies on the in vitro effec- 
tiveness of the aromatic diamidines have been 
limited(1,10-12). Further studies of the 
specificities of the diamidines against certain 
pathogenic fungi might help to explain some 
of the discrepancies in the clinical observa- 
tions. 


Methods. Sabouraud’s glucose agar was 
prepared with distilled water and autoclaved 
for 15 minutes at 15 lb pressure. The agar 
was cooled to 45°C and appropriate amounts 
of Seitz filtered stilbamidine (4,4’ stilbenedi- 
carboxamidine), propamidine (p,p’-(trimeth- 
ylenedioxy) (dibenzamidine) and pentami- 
dine (p,p’-(pentamethylenedioxy) dibenzami- 
dine) * were added. The concentrated aqueous 
solutions of the 3 drugs were Seitz filtered to 
sterilize, in view of the fact that in solution 
stilbamidine can be heated to 70-80°C for 


_ only a short time without decomposition (13) 


and it was felt that the chemical structures of 
the other 2 drugs were also prone to ready 
decomposition. The effect of amounts of 100 
pg, 10 wg, and 1 pg of drug per ml of agar on 
the various fungi were tested. To obviate the 
effect of pH as noted by Elson(12), the pHs 
of different lots of the agar were adjusted to 
7.4 following the addition of the diamidines. 
The fungi to be tested were initially grown 
on Sabouraud’s glucose agar pH 7.5 for 28 
days. The mycelial mass was removed asep- 
tically with as little of the agar as possible 
and placed in a tube containing glass beads 
and 10 ml of sterile saline. This mixture of 
fungi and saline was shaken for 20 minutes in 
a Kahn shaker and 0.1 ml amounts of the 
mycelial-spore mixture were spread evenly 
over the surface of the agar slant containing 
the drug. The tubes were incubated in the 
dark for 30 days at room temperature and 
readings for inhibition were made at 4-day 
intervals. All of the im vitro tests were per- 
formed in triplicate and the presence of 
growth was determined by the use of the 


* We are indebted to Dr. Stephen Fromer, Merck 
& Co., and to Dr. R. C. Pogge, Wm. S. Merrell Co. 
for supplying the drugs used in this investigation. 
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disecting microscope and cotton blue mounts. 
Candida albicans, Cryptococcus neoformans, 
Histoplasma capsulatum, Blastomyces derma- 
titidis, Microsporum audouini, Microsporum 
canis, Tricophyton rubrum, Tricophyton ton- 
surans (crateriforme) Sporotrichum schenkit, 
Coccidioides immitis, and a Madurella spe- 
cies were employed as test organisms. 

The results of the in vitro tests are shown 
in Table I. 

Our results with stilbamidine and H. cap- 
sulatum closely paralleled the observations of 
Seaburg(10) but in vitro the 0.01 mg/ml con- 
centration of propamidine had some inhibitory — 
effect suggesting it may be the drug of choice. 
In the case of C. neoformans and propamidine 
we found a close correlation with the value 
as determined by Fisher(4) for inhibition but 
pentamidine at the 0.1 mg/ml level displayed 
complete inhibition. Although our figures for 
the fungistatic properties of propamidine 
against M. audouini, M. canis, T. rubrum, B. 
dermatitidis, C. albicans, and S. schenku do 
not correspond exactly with those of Elson 
(12), it was felt that the minor variations 
could be explained on the basis of pH and 
strain differences. It appears from Table I 
that the drugs differ in their capacity to in- 
hibit certain fungi im vitro. 

In view of our findings and the previously 
reported observations, it was decided to deter- 
mine the effectiveness of the 3 diamidines 
against Sporotrichum schenkii infection in 
mice. This organism was chosen because of 
a slow progression of the disease with the 
production of grossly recognizable nodules. 
Twenty-one day-old Carworth white mice 
weighing between 22 and 25 g were inocu- 
lated intraperitoneally with 0.2 ml of a gastric 
mucin(13) “ suspension of  Sporotrichum 
schenkii (BJC ’52) grown at room tempera- 
ture on Sabouraud’s glucose agar. The mice 
were maintained on normal ration until the 
26th day post infection at which time all mice 
showing gross subcutaneous nodules were iso- 
lated and separated into 4 groups. Groups 
1 through 4 received stilbamidine, propami- 
dine, pentamidine, and no therapy respec- 
tively. Three small groups of normal unin- 
oculated mice served as controls on the effect 
of the diamidines alone. The drugs were in- 
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TABLE I. A Comparison of the In Vitro Fungistatic Activity of 3 Aromatic Diamidines 
against Pathogenic Fungi.* 
Stilbamidine, Propamidine, Pentamidine, 
mg/ml mg/m mg/ml 
zh .O1 001 elt 015 000: al 01 001 Control 

C. albicans I+ 2+ 44 2+ 34+ 44 1+ 384+ «644 4+ 
C. neoformans 44+ 34 44 1+ 4+ £44 0 4+ 4+ x 
H. capsulatum 0 4+ 4+ 0 2+ 44 4+ 4+ 44 v 
B. dermatitidis 0 0 2+ 0 1+ 38+ 0 2+ 4+ 2 
S. schenku (BJC52) 0 1+ 4+ 0 0 2+ 0 0 2+ ey 
M. audowini 4+ 44+ 4+ 0 4t 4+ 0 0 4-+- 4 
M. canis 7s Beier ite rE Fae, a md Ja ae 2 
T. rubrum fot uy Stae etdale 0 ee ee set ea enae, Eisele Yee 2 
T. crateriforme 8+ 44+ 4+ 1+ 2+ 44+ 2+ 38+ 44 ue 
C. immitis ae Come a Oia a aed te On La eR eer au 
Madurella sp. 0 4+ 44 0 2+ 44 0 2+ 44 2 


* 0 = complete inhibition; 4+ growth comparable to that of the controls. 


corporated into the drinking water of the mice 
and were made up fresh daily in distilled 
water to a final concentration of 0.2 mg/ml. 
Observations indicated that groups of 4 mice 
ingest between 22-23 ml of water/day, thus 
it was assumed that each mouse would average 
1.0-1.6 mg of drug intake in a 24-hour period. 
The mice were maintained on the drugs for 
a 20-day period and then observed for an 
additional 30 days. It was presumed that 
any evidence of therapeutic success would be 
accompanied by a remission of the sub- 
cutaneous abscesses, thus mice surviving to 
the end of the 76th day with no remission 
of the nodules were considered to be still 
actively infected. Mice dying on or before 
the 76th day were autopsied and cultures 
obtained from one or more of the abscesses. 
The results from a group of 175 mice failed 
to show any clear statistical evidence of 
therapeutic improvement. Mortality in the 
control groups was 13.8% and in the 3 groups 
on diamidine therapy ranged from 10.0 to 
15.8%. Histological sections on the liver and 
kidneys of random selected surviving mice 
showed only slight degenerative changes? at- 
tributed to the increased toxicity of the di- 
amidines which were exposed to light for 
12-16 hours in the water bottles. 


Discussion. The diamidine spectrum of 7 
of the fungi causing systemic mycosis and 4 
causing dermatomycosis have been examined. 


In general these findings have indicated some 
correlation with values obtained by other in- 
vestigators. These figures indicate quantita- 
tive differences in the degree of inhibition of 
the 3 aromatic diamidines im vitro. Thus, the 
failure of certain of the diamidines to influence 
the clinical course of torulosis may be due in 
part to the relative ineffectiveness of the spe- 
cific drug in vitro at levels that can be 
achieved in the blood stream. If these ob- 
servations can be substantiated by other 
workers using different strains of the same 
fungi, it may become necessary to determine 
the drug sensitivities im vitro prior to insti- 
tuting treatment. 


The failure of the 3 aromatic diamidines to 
influence the course of Sporotrichum schenkii 
infection in mice may be due to an inability 
to achieve a sufficiently high level of the drug 
in the blood stream. This preliminary ex- 
periment was an effort to determine the effect 
of the drugs on sporotrichosis in mice, the 
possibility of an easier route of administration 
and the effect of maintaining a constant level 
of drug in the blood stream. 


Summary. 1. The in vitro sensitivity of 11 
fungi have been found to differ appreciably 
in the presence of stilbamidine, propamidine, 
and pentamidine. 2. The 3 diamidines ap- 
peared to have no therapeutic effect upon 
sporotrichosis in mice under the conditions of 
the experiment. 


+ The author is indebted to Dr. Melvin Haley, 
Dept. of Pathology, Baylor, for examination of the 
histological sections of the experimental: mice. 
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New York City. 


The influence of lipotropic agents upon 
_ serum lipids has been studied extensively (1). 
Chemical studies in patients treated with these 
drugs over a prolonged period of time have 
been relatively few; in many of these investi- 
gations, the number of determinations have 
not always been sufficient to minimize the 
possible error due to spontaneous fluctuations 
of the serum lipids. For this reason, a long 
term study was undertaken. 


Method. ‘The present observations were 
made on 11 ambulatory patients, 10 males and 
one female, ranging in age from 28 to 57 years. 
Ten subjects had definite arteriosclerosis as 
evidenced by coronary insufficiency, or pre- 
vious myocardial infarction, or both; the re- 
maining patient was a member of a family 
with a striking family history of arteriosclero- 
sis and was suspected of having coronary 
artery disease. The patients were studied for 
periods ranging from 6.5 to 15.5 months. 
Each consumed a self-selected diet. Before 
starting therapy, at least 3 chemical analyses 
were done in each case during a control 
period which varied from one to 5 months. 


* Grateful recognition for technical assistance is 
given to Ann Peranio, and Eileen Flug. Thanks are 
due to Eli Lilly and Co., Indianapolis, Ind., for 
supplying the choline dihydrogen citrate. 


Choline, which is considered the most effec- 
tive lipotropic agent(2), was given orally in 
divided doses, as choline dihydrogen citrate 
(equivalent to 4.5 g of choline base daily), 
for periods ranging from one to 4 months. 
These were alternated with control periods 
ranging from one to 6 months. The serum 
cholesterol and serum lipid phosphorus were 
determined at the end of each choline period, 
at the end of each control period and also at 
intervals during these periods. The phospho- 
lipid: total cholesterol ratio (P/TC) was cal- 
culated according to the formula: Lipid P 
(mg %) x 25/Total Cholesterol (mg %). 
All determinations were done in duplicate; 
phospholipids were determined by a modified 
Whitehorn method(3) and cholesterol by the 
method of Schoenheimer-Sperry(4). Weight 
of the patients was recorded at intervals dur- 
ing the study. 


Results. Table I summarizes the results 
obtained. It will be observed that choline 
therapy did not influence the levels of the 
total cholesterol and lipid phosphorus when 
compared to the control values. It is inter- 
esting to note that the mean during the con- 
trol studies for lipid phosphorus was 11.1 
mg %, total cholesterol 253 mg % and P/TC 
1.10. Under choline therapy, the means for 
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TABLE I. Average Levels of Serum Lipid Phosphorus (LP), Total Cholesterol (TC) and Phospholipid/ 
Total cholesterol ratio (P/TC) in patients with coronary artery disease during control periods and while 
on choline therapy. 


Control periods ey 


; Choline therapy———_—_—_,, 
Duration Avg Avg Duration Avg Avg 
Sex of study, No.of LP, chol., Avg of study, No.of LP, chol., Avg / 
and age Diagnosis mo assays mg % mg % P/TC mo assays mg% mg% P/TC | 

$,53 Coronary 7.5 7 13.4 372 90 8 6 14.2 392 -90 
insufficiency 

6,48 Myocardial 9 8 1a 28 eel O0) 5.9 3 10.1 268 94 
infarction 

9, 40 * 8 9 LO ce Oe OS 7.5 5 10:3. 2417 nO 

4,28 Coronary 8 6 9.2 Dee OG, 2 1 iSetee Pedits) .96 
insufficiency 

@,48 Myocardial 7 7 Oise 2 Le allele i 5 OL 2890 dee 
infarction : 

6,40 Coronary 6 6 TIGRE 236 = aale23 3.5 2 112 32465) als 
insufficiency 

6,43 Myocardial 10 6 13.4. 256 © 1-31 4 2 15.5) SOO om alent 
infarction 

6,53 Coronary 5 4 LO Sie el.09 1.5 1 8.2 220 93 
insufficiency 

g, 46 4 5 4 et 2646 jek 1.5 1 P3.0 ys 27 O20) 

tod if 5 4 1220.92 Ole ele 1.5 i 13:9 255 1.36 

6,52 Noknown 5 4 = AEB AlGIIG: 1.5 1 My Se lS) 
heart disease 

Mean ILO ise EK 11.4 1.10 


these lipid values were strikingly similar; the 
lipid P was 11.4 mg %, the total cholesterol 
259 mg %, and the P/TC 1.10. During the 
entire period of observation, there were no 
significant alterations in body weight. It may 
be of interest to record that case No. 1, a male 
aged 50, with a severe anginal syndrome, de- 
veloped an acute myocardial infarction while 
on choline therapy. 


Conclusion. The oral administration of 4.5 
g of choline base daily for 1.5 to 8.0 months 
to 11 patients with coronary insufficiency or 


myocardial infarction or both, failed to alter 
the total serum cholesterol, the serum lipid 
phosphorus and the phospholipid: total choles- 
terol ratio. 
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4. Schoenheimer, R., and Sperry, W. M., J. Biol. 
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Gorpon L. FARRELL? AND Bruce LAmus. (Introduced by George Sayers. ) 


From the Department of Physiology, Western Reserve University School of Medicine, Cleveland, O., 
and the Department of Pharmacology, University of Utah, College of Medicine, Salt Lake City. 


Adrenal venous blood of the dog has been 
quantitatively analyzed for steroid compo- 
nents. Fourteen fractions have been isolated, 
10 of which appear to be steroids. Three 
have been identified as 17-hydroxycorticoster- 
one, corticosterone, and _ 11-desoxy-17-hy- 
droxycorticosterone. Certain chemical char- 
acteristics of the remaining fractions have 
been determined. 

Methods. Male dogs were anesthetized 
with sodium pentobarbital. Adrenal venous 
blood was collected from a cannula placed in 
the left lumboadrenal vein. All collateral 
branches of the lumboadrenal vein were 
ligated and the adrenal vein ligated between 
the gland and the inferior vena cava. Thirty 
to 50 mg heparin were injected in divided 
doses to prevent clotting. Blood was collected 
in lots of approximately 250 ml. Immediately 
after collection, each lot was diluted 1:1 with 
water and extracted twice with a volume of 
chloroform equal to that of blood plus water. 
Centrifugation was necessary to break the 
emulsion formed during extraction. The 
pooled chloroform extracts from blood of a 
single dog were evaporated to dryness imme- 
diately or kept overnight at —-10°C and 
evaporated the next day. A total of 3500 ml 
of adrenal venous blood was obtained from 
4 dogs; the dried extracts were pooled and 
partitioned between hexane and 70% ethanol. 
The 70% ethanol fraction was chromato- 
graphed on paper by the method of Burton 
et al.(1) using the solvent system propylene 
glycol-toluene. An outline of the design of 


* This investigation was supported in part by a 
research grant from the National Institute of 
Arthritis and Metabolic Diseases of the National 
Institutes of Health, Public Health Service and in 
part by a research grant from The Upjohn Co. 

+ A preliminary report of this work was presented 
at Federation Meetings, Chicago, April 6-10, 1953. 

¢ Present address: Department of Physiology, 
Western Reserve University School of Medicine, 
Cleveland, O. 


chromatography is presented in Table I. The 
developed chromatograms were examined for 
steroids as follows: 1) the entire strip was 
divided at right angles to its length into a 
series of 14- to 1-inch cuts which were eluted 
in methanol in individual test tubes and sub- 
sequently analyzed, or 2) color tests (reaction 
with ammoniacal AgNOs, triphenyltetrazol- 
ium, or concentrated sulfuric acid streaked on — 
a glass plate) were applied to narrow strips 
cut the full length of the chromatogram and 
those portions of the chromatogram cor- 
responding to the indicated locations of 
steroids were cut out and eluted in methanol 
for further analysis. The first method was 
used in screening preliminary chromatograms; 
the second, in isolating individual fractions. 
The eluted substances were quantitatively 
analyzed by 4 methods: 1) ultraviolet ab- 
sorption spectrum, 2) reaction with phenyl- 
hydrazine, 3) reaction with concentrated sul- 
furic acid, and 4) reaction with m-dinitro- 
benzene. 

Results. Fourteen fractions were isolated. 
(Tables I and II). Fraction 6 chromato- 
graphed in the same area as 17-hydroxycor- 
ticosterone. Ultraviolet absorption, 240 mp; 
reaction with sulfuric acid, orange color with 
strong fluorescence; absorption in phenylhy- 
drazine reagent to give the 400 mp peak 
characteristic of 17,21-dihydroxy-20-keto- 
steroids; absorption maxima at 240, 280, 390, 
and 470 my» in concentrated sulfuric acid. On 
the basis of these findings, Fraction 6 was 
identified as 17-hydroxycorticosterone. Its 
concentrations, 147 »g/100 ml adrenal venous 
blood, was the highest of the various fractions 
isolated. 

Fractions 1 through 5 were more polar than 
17-hydroxycorticosterone. A narrow strip cut 
from Chromatogram 3 and placed on a glass 
plate streaked with concentrated sulfuric acid 
exhibited the following bands of color starting 
at the origin and progressing toward the 
front: 1) green fluorescence, 2) pink, 3) 
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TABLE I. Paper Chromatography of Extract of Adrenal Venous Blood (Propylene Glycol 
Stationary Phase, Toluene Mobile Phase). 


a 


3500 ml adrenal venous blood 


Combined CHCl, extracts partitioned, 70% ethanol : hexane 


Chromatogram 1—72 hr, HSPG*: toluene, 70% ethanol fraction. The first inch, heavily 
pigmented, was discarded; the remainder was eluted and rechromatographed. 


Chromatogram 2—72 hr, HSPG : toluene, eluate of Chromatogram 1. 
Components incompletely resolved. Chromatogram divided. 


| 
| 


Chromatogram 38—240 hr, HSPG : toluene, 
first 2 inches of Chromatogram 2. Fractions 
1 through 6 resolved. 


Chromatogram 4—144 hr, HSPG : toluene, re- 
mainder of Chromatogram 2. Fractions 6 and 


7 resolved. 


Chromatogram 6—15 hr, HSPG: toluene, over- 
flow of Chromatogram 1. Components incom- 
pletely resolved. 


Chromatogram Juoe hr, HSPG : toluene, 
eluate of Chromatogram 6. Incomplete resolu- 
tion. 
| 
Chromatogram 8—231% hr, FSPG*: toluene, 
eluate of Chromatogram 7. Fractions 9 and 
10 incompletely resolved. Fractions 11 and 12 
resolved. 


| 
Chromatogram 9—48 hr, HSPG : toluene, frac- 
tions 9 and 10 from Chromatogram 8. Frac- 
tions 9 and 10 resolved. 


Chromatogram 5—96 hr, HSPG : toluene, 
overflow of Chromatogram 4. Fraction 8 
isolated. 


Chromatogram 10—514 hr, FSPG : toluene, 

combined overflows from Chromatograms 6, 7 

and 8. Fractions 12 and 13 incompletely re- 
solved. Fraction 14 isolated. 


| 
Chromatogram 11—24 hr, FSPG:toluene, frac- 
tions 12 and 13 of Chromatogram 10. Frae- 
tions 12 and 13 resolved. 


* HSPG — half-strength propylene glycol. Propylene glycol is diluted 1:1 with methanol 
before application to the paper and the methanol allowed to evaporate. 


ESPG = full-strength propylene glycol. 


green fluorescence, 4) green fluorescence and 
5) pinkish brown. Immediately below Frac- 
tion 5 was the brilliant green fluorescence of 
Fraction 6 (17-hydroxycorticosterone). Frac- 
tions 1, 3, and 4 reduced ammoniacal AgNO; 
and reacted with phenylhydrazine; they ex- 
hibited no definite maxima at 240 my. Frac- 
tions 2 and 5.absorbed in the ultraviolet but 
did not react. with phenylhydrazine. Frac- 
tion 2 absorbed maximally at 255 mp, and 5, 
at 285 mp. Concentrations were estimated 
on the basis of the phenylhydrazine reaction: 
Fraction 1, 1.25; Fraction 3, 3.8; Fraction 4, 


1.0 »g/100 ml. 
be quantitated. 

Fraction 7. About 5 wg/100 ml of this 
unidentified steroid were present. It reduced 
ammoniacal AgNOs, absorbed at 230 mp and 
reacted with phenylhydrazine reagent to 
give the 340 my» maximum characteristic of 
A*-3-ketosteroids without the 17,21-dihy- 
droxy-20-ketone grouping. It gave an orange 
solution without fluorescence which absorbed 
maximally at 240, 285 and 370 my in concen- 
trated sulfuric acid. Ultraviolet absorption, 
phenylhydrazine reaction and AgNO: reduc- 


Fractions 2 and 5 could not 
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TABLE II. Substances Found in Adrenal Venous Blood of the Dog. 


Absorption in 
Fractions Ammoniacal Ultraviolet phenylhydra- 
in order AgNOs absorption zinereagent Ooncentration 
of polarity reduction (max. my) (max. my) (wg/100 ml) Identification 
1 + — 400 1.25 Not identified 
2 — 255 0 t 3 4 
3 + —— 400 3.80 u tg 
+ + — 400 1.0 4 
5 — 285 0 t re e 
6 + 240 400 147.0 17-hydroxyecorticos- 
terone 

7 + 230 340 5.0 Not identified 
8 + 230-240* 400 3.0 - se 
Y — 0 0 t = ie 

10 — 215, 265 0 ii Hs rs 

11 + 240 400 15.0 11-desoxy-17-hydroxy- 

corticosterone 

12 + 240 340 47.0 Corticosterone 

13 + 235 340 16.0 Not identified 

14 2 230-235 330-340* 18.0 3 a 


* Inflection but no definite maximum. 
t Quantitation not possible. 


tion suggest the presence of a A+-3-ketone 
configuration and a a-ketol side chain. How- 
ever, the presence of 2 more atoms of oxygen 
on the steroid nucleus is suggested by the 
position of this steroid on the chromatogram. 

Fraction 8 was present in a concentration 
of about 3 »g/100 ml and chromatographed 
in the same region as cortisone. It reduced 
AgNOs: and exhibited a maximum at 400 mp 
with phenylhydrazine. The ultraviolet ab- 
sorption curve was suggestive of absorption 
in the region 230 to 240 mz. In concentrated 
sulfuric acid, the substance exhibited maxima 
at 285 and 390 mp (cortisone exhibits max- 
ima at 280, 340 and 400 mp). The steroid 
did not react with iodine reagent (cortisone 
gives a brilliant blue color when treated with 
this reagent). 

Fractions 9 and 10. Two unidentified sub- 
stances were found whose polarity was 
slightly less than that of Fraction 8. The 
more polar of these, Fraction 9, became dis- 
tinctly pink when treated with sulfuric acid, 
and exhibited maxima at 270, 410 and 485 
my with this reagent; it did not absorb in 
the ultraviolet or react with phenylhydrazine. 
AgNO reduction was questionable. Fraction 
9 is probably not a steroid. Fraction 10 was 
slightly less polar than Fraction 9. It was 
seen as an absorbing band when the chromato- 
gram was viewed under ultraviolet light. The 


material did not reduce AgNO3, but rather it 
retarded the usual reduction which occurs 
when the paper strip, freshly dipped in am- 
moniacal AgNOs, is exposed to light. It ab- 
sorbed at 215 and 265 my and exhibited 
maxima at 210, 270 and 550 my» with sulfuric 
acid. It did not react with the phenylhydra- 
zine reagent. Fraction 10 is probably not a 
steroid. 

Fraction 11, present in a concentration of 
about 15 »g/100 ml, was tentatively identified 
as 11-desoxy-17-hydroxycorticosterone. It re- 
duced AgNOs, absorbed at 240 mu and gave 
a 400 my» peak with phenylhydrazine. It 
became pink when treated with sulfuric acid, 
and the sulfuric acid chromogen was identical 
with that of 11-desoxy-17-hydroxycorticoster- 
one. A mixture of 11-desoxy-17-hydroxycor- 
ticosterone and Fraction 11 chromatographed 
as a single spot. 

Fraction 12 found on chromatograms 8, 10 
and 11 was identified as corticosterone. It 
reduced AgNOs, absorbed at 240 mp, gave a 
brilliant green fluorescence with sulfuric acid 
and reacted with phenylhydrazine to give a 
maximum at 340 mp. The sulfuric acid 
chromogen was identical with that of cortico- 
sterone. It was present in a quantity of 47 
pg/100 ml, the second highest concentration 
of the fractions isolated. 


Fraction 13 has not been identified. It re- 
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duced AgNOs, absorbed at 235 my, gave a 
340 mp maximum with phenylhydrazine re- 
agent and exhibited maxima at 280 and 370 
with sulfuric acid. It was less polar than 
corticosterone, but considerably more polar 
than desoxycorticosterone. These data sug- 
gest a Co, O, compound with A?-3-ketone 
and a-ketol groupings. The sulfuric acid 
chromogen was not the same as that of 11- 
dehydrocorticosterone (maxima at 280, 350 
and 410 mp). On the basis of the phenyl- 
hydrazine reaction, 16.0 »g/100 ml were esti- 
mated to be present. 

Fraction 14 chromatographed close to the 
solvent front. The high mobility of this ma- 
terial in the solvent system precluded ade- 
quate resolution. It had a weak reducing 
effect on ammoniacal AgNOs, absorbed 
strongly in the ultraviolet at 230 to 235 mp 
and exhibited a maximum at 290 my in sul- 
furic acid. The absorption curve in the 
phenylhydrazine reagent exhibited an inflec- 
tion but not a definite maximum in the region 
330 to 340 mp. Fraction 14 did not give a 
reaction with m-dinitrobenzene characteristic 
of 17-ketosteroids. If the ultraviolet extinc- 
tion coefficient is of the same order of magni- 
tude as that of the cortical steroids, Fraction 
14 is present in a concentration of 18 
pg/100 ml. 

_ An eluate of that portion of Chromatogram 
10 which would have contained substances 
less polar than Fraction 14 and the overflow 
of Chromatogram 10 were analyzed in the 
ultraviolet region of the spectrum and tested 
with m-dinitrobenzene. There was no evi- 
dence for the presence of A ?#-3-ketones or 
17-ketosteroids. 


Discussion. Reich eé al.(2) demonstrated 
the presence of 17-hydroxycorticosterone and 
corticosterone in dog adrenal venous blood. 
Bush(3) found 17-hydroxycorticosterone, cor- 
ticosterone and 2 substances more polar 
than 17-hydroxycorticosterone. He depended 
largely upon position on the paper chromato- 
gram for identification. Zaffaroni and Bur- 
ton(4) reported the presence of 9 AgNOs;- 
reducing substances in dog adrenal venous 
blood. Two of these were identified as 17- 
hydroxycorticosterone and corticosterone; the 
other 7 were characteristized as a-ketols. The 


results presented in this paper confirm that — 


17-hydroxycorticosterone and corticosterone 
are the 2 major components present in dog 
adrenal venous blood. 11-Desoxy-17-hydroxy- 
corticosterone has been identified as a com- 
ponent of adrenal venous blood for the first 
time. Eleven other fractions have been iso- - 
lated and partially characterized and it ap- 
pears that 7 of these are steroids. It is not 
certain that all these substances are produced 
by the adrenal. A definitive answer must 
await analyses of the concentrations of these 
substances in both arterial and venous blood 
of the adrenal. 


The physiological significance of the com- 
plex pattern of steroids in adrenal venous 
blood cannot be evaluated at this stage of 
development of the problem. Each fraction 
must be assayed for biological activity re- 
gardless of its concentration as determined by 
chemical methods. Furthermore, the frac- 
tions must be assayed alone and in combina- 
tion to test the possibility that the steroids 
in adrenal venous blood act synergistically 
or antagonistically. The biological activities 
of 17-hydroxycorticosterone, corticosterone 
and 11-desoxy-17-hydroxycorticosterone have 
been described. Fraction 8, present in rela- 
tively small concentration, has been demon- 
strated recently to exert a very potent sodium- 
retaining effect in adrenalectomized rats(5). 
Fraction 8 appears to be approximately 25 
times as potent as DOCA and may be identi- 
cal with the sodium-retaining factor recently 
described by Simpson et a/.(6). This fraction 
is an example of a substance, present in very 
small amount in adrenal venous blood, which 
nevertheless exerts a very marked biological 
effect. 

The adrenal cortex may exert a variety of 
metabolic effects by secreting a variety of 
patterns of adrenocorticosteroids. An aber- 
ration in electrolyte metabolism may be asso- 
ciated with the secretion of a pattern with a 
higher than normal concentration of those 
steroids whose predominant influence is on 
electrolyte metabolism. On the other hand, 
an aberration in carbohydrate metabolism 
may be associated with the secretion of a 
pattern with a higher than normal concentra- 
tion of those steroids whose predominant in- 
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fluence is on carbohydrate metabolism. An 
approach to this problem is made possible by 
the development of technics for the quantita- 
tive analysis of steroids in adrenal venous 
blood. 

Summary. Adrenal venous blood of the dog 
has been quantitatively analyzed by paper 
chromatography for steroid components. 
Fourteen fractions have been isolated; 3 have 
been identified as 17-hydroxycorticosterone, 
corticosterone and 11-desoxy-17-hydroxycor- 
ticosterone; 7 of the unidentified fractions ex- 
hibit chemical reactions characteristic of 
adrenocorticosteroids. 


ADDENDUM. In a subsequent experiment 
conducted in collaboraton with Dr. Hans 
Hirschmann a sample containing Fractions 7 
and 8 was acetylated and chromatographed 
on paper 904 hours, employing the system 
propylene glycol-hexane described by Savard. 
Five distinct zones were found by examining 
the strip under ultraviolet light. These sub- 
fractions (numbered 1-5 in order of their 
- position on the chromatogram, starting at the 
origin) were eluted with methanol and were 
examined spectroscopically in this solvent and 
after reaction with phenylhydrazine-sulfuric 
acid reagent. Subfractions 1, 2, and 3 ab- 
sorbed maximally near 240 my; subfraction 
4, near 235 mp, while subfraction 5 showed 


only a shoulder in this region. With phenyl- 
hydrazine reagent subfractions 1 and 5 ab- 
sorbed maximally at 390-400 my, whereas sub- 
fractions 2, 3, and 4 gave products which did 
not exhibit absorption peaks in this region. 
Each subfraction was treated with acetyl- 
cholinesterase in glycylglycine buffer at pH 
7.5 for 4 hours at 30°C, and assayed for 
sodium-retaining activity by the method de- 
scribed in an earlier communication(5). All 
subfractions were inactive except subfraction 
4 which possessed high sodium-retaining ac- 
tivity. No claim of homogeneity is made for 
any of these subfractions, but it would appear 
that the sodium-retaining activity and the . 
chromogenicity in the phenylhydrazine re- 
agent shown by our previously described 
Fraction 8 are not due to the same substance. 
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Increased Excretion of Dehydroascorbic and Diketogulonic Acids in Urine 


of Rats after Standardized Temperature Shock. 


Mary Mitts Monier AnpD Rostyn J. WEIsS. 
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(Introduced by Joseph H. Roe.) 


From the Department of Biochemistry, School of Medicine, The George Washington University, 
Washington, D.C. 


Increased urinary excretion of 2 oxidation 
products of ascorbic acid (AsA), namely de- 
hydroascorbic acid (DHA) and diketogulonic 
acid (DKA) has been observed in rats during 
exposure to an environmental temperature of 
0°C(1) and after exposure to high doses of 
X-ray(2), as compared to control excretions 
on comparable rats under normal conditions. 
A third type of stress, namely standardized 
temperature shock(3), has been tested and 


the results observed are reported here. 
Experimental. The experimental animals 
were adult albino rats of both sexes, belonging 
to the same strain as those employed in the 
previous work(1,2), which were housed in 
individual metabolism cages as _ previously 
described. At the beginning of the control 
period, each animal was anesthetized with 
nembutal, and immersed up to the neck in a 
water-bath maintained at 37°C for 15 seconds. 
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TABLE I. Urinary Exeretion of Ascorbic, Dehydroascorbic and Diketogulonic Acids by Rats 
before and after Severe Temperature Shock. 


— No. of analyses——_, 


-—Avg 24 hr excretion, ng with S.D.—_, 


Temperature Temperature fake 
Fraction Control shocked Control shocked COG a 
AsA 99 87 441 + 136 485 + 178 Se 
DHA 99 87 24+ 5 434+ 39 ala ey ss 
DKA 99 87 O+ 0 484 41 DVIS 


* Probability of variance ratio, ‘‘F,’’ less than .01. 


The animals were then placed in their indi- 
vidual cages and the excretion of AsA, DHA 
and DKA was determined each 24-hour period 
for 7 to 10 days following the mock tempera- 
ture shock by the method previously em- 
ployed(4). When the control excretion for 
each animal had been established, the experi- 
mental period began. Each animal was anes- 
thetized with nembutal, and immersed to the 
neck in a water-bath held at 60°C for 15 
seconds; the animals were replaced in their 
cages and the daily excretion of AsA, DHA 
and DKA determined for 7 to 10 days follow- 
ing the temperature shock. There were no 
fatalities during this period. 


Results. The results obtained are sum- 
marized in Table I. As with cold environment 
and X-ray irradiation, exposure to this degree 
of temperature shock caused a marked in- 
crease in urinary excretion of DHA and DKA, 
which is highly significant. There was a 
slight increase in AsA excretion, which did 
not attain the level of significance. 


Discussion. It appears that this third 


type of stress, which differs from the 2 pre- 
viously reported in physiologic mechanism, 
has the same effect of increasing excretion of 
oxidized ascorbic acid in the urine. The 
physiologic mechanism responsible for this 
remains unknown. Attempts to demonstrate 
the adrenal glands and the kidneys as the site 
of formation have been unsuccessful(5). 
Summary. 1. Adult albino rats were sub- 
jected to temperature shock by immersion in 
water at 60°C for 15 seconds. 2. Urinary 
excretion of dehydroascorbic and diketogu- 
lonic acids increased greatly over control 
values established before temperature shock. 
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Cortisone on Oxygen Consumption of Granulation Tissue from the Rabbit. 
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DANTE G., ScaRPELLI, RALPH A. KNouFF, AND CLiIrForp A. ANGERER. 
From the Departments of Anatomy and Physiology, The Ohio State University, Columbus. 


It has been shown that cortisone and ad- 
renocorticotrophin (ACTH) produce an in- 
hibitory effect on growth of granulation tissue 
in rabbits(1) and around turpentine abscesses 
in rats(2); that ACTH causes a retardation 
of wound healing in humans as studied by 
serial biopsies(3). Histological studies of the 
latter reveal a lack of fibroblasts, capillaries 


and ground substance; a condition not unlike 
that found in scorbutic animals(3). This 
suggests an inhibition of anabolic processes 
which are of primary importance in tissue 
repair. The literature reveals no data exist 
relative to the action of cortisone, ACTH, or 
adrenocortical extract (ACE) on the metab- 
olism of granulation tissue. This report in- 
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dicates studies directed toward this end. 
Materials and methods. Fifteen young 
male white rabbits weighing between 2.5 
and 3.5 kg were divided into 3 groups. 
They were kept under laboratory condi- 
tions (20-27°C) for at least one week prior 
to experimental use. They were fed Pioneer 
Rabbit Food and water ad libitum. In 
the first 2 groups (A and B)_ granu- 
lation tissue was produced by sterile removal 
of a 9 cm? flap of shaved dorsai skin to a 
depth of 0.035-0.050 inches by means of a 
Brown electric dermatone.* The absence of 
hair follicles was considered indicative of 
sufficient penetration into the dermis. After 
the operation the area was covered with sterile 
vaseline gauze and a plaster cast. Group C, 
uninjured untreated control animals were 
subjected to a sham operation which consisted 
of shaving, use of vaseline gauze and a plaster 
cast comparable in size and location to the 
other experimental groups. Groups A and C 
had no further treatment; Group B received 
-25 mg of a stabilized saline suspension of 
i1-dehydro-17-hydroxycorticosterone acetate 
(Cortone, Merck) per day starting 3 days 
prior to injury and ending the day before 
tissue respirometry. All experimental ani- 
mals were sacrificed 6 days after, either the 
surgical or sham procedure, by the injection 
of 50 cc of air into the marginal ear vein. 
Uninjured untreated control animals (Group 
C) were operated on immediately following 
sacrifice in order to obtain “normal” dermis. 
The granulation tissue or dermis was care- 
fully dissected from the hypodermis. Various 
areas of the tissue were sliced by means of a 
Warburg cutter, the slices varied in thickness 
from 0.4 to 0.9 mm with a mean of 0.65 mm. 
This procedure was carried out on a chilled 
glass stage (3-5°C). The oxygen consump- 
tion of pooled slices was determined by the 
Warburg technic; at least 6 manometers were 
run on a given sample. The manometers 
were oscillated through an amplitude of 4 cm 
at a rate of 110 cycles/minute. Each res- 
piration flask contained 0.2 ml 10% oxygen- 
ated NaOH solution in the central well, 2.8 ml 


* We are indebted to Dr. E. H. Ellison of the 
Department of Surgery, Ohio State University 
Hospital, for use of the dermatome. 


TABLE I. Summary of Data for Oxygen Consump- 
tion (QO,) of Dermis, ‘‘Normal’’ and Cortisone- 
Treated Granulation Tissue. 


z Q Ps 
So #3 3° S$B'S 
oo Ske o eeae 
Si Tepegene Cusine: 6 
Groups (A) (B) (C) 
No. of animals 6 5 4 
No. of exp. 52 32 22 
True mean —1.34+.06 -—45+.03 —.27+.02 
% diff. compared +396%  +67% 
to control 
dermis (C) ; 
SD 46 19 10 
P-value <.01 <.01 


True mean = arithmetic mean + its stand. er- 
ror; SD—=stand. deviation of indicated mean; 
P-value = probability value. Statistical analysis 
based on Student’s method, where t= difference 
between a given pair of means/estimated stand. 
error of this difference. 


oxygenated Krebs-phosphate (pH 7.4) solu- 
tion(4) plus 65-100 mg of tissue in the main 
chamber. The manometers were gassed with 
100% Os for 10 minutes and equilibrated 
at=37.5 °° 2. -0:01°C ‘for -15) minutes: “The 
elapsed time between sacrifice of the animal 
and equilibration of the manometers was ca 
one hour. Manometric readings were taken 
for 60 minutes at 15-minute intervals. Sam- 
ples of pooled tissue from each of the 3 groups 
were taken for wet and dry (17-20 hours at 
105-110°C) determinations. The mean per- 
cent value for water content of given tissue 
samples was used to standardize the oxygen 
consumption in terms of QOs, i.e., mm? Os 
consumed/hour/mg (dry) of tissue. 

Results. The various data for the oxygen 
uptake of granulation tissue (Group A and 
B) and dermis (Group C) are summarized 
in Table I. The true mean QOz values for 
the 3 groups are: (A) —1.34 + 0.06, (B) 
—0.45 + 0:03, and (C) —0.27 + 0.02. A 
comparison of the mean QO» values for 
Groups A and B with C (control) shows that 
“normal” granulation tissue (A) gives a 396% 
increase (P <0.01) and cortisone-treated 
granulation tissue (B) a 67% increase (P 
<0.01). Cortisone-treated granulation tis- 
sue (B). shows a 66% decrease (P <0.01) 
when compared with non-treated granulation 
tissue. 


Discussion. Dermal slices from normal 
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rabbits give a QO: of ca 0.3 under the experi- 
mental conditions prevailing. This may be 
compared with the only other known value 
of 0.9 for “strips of skin” of very young 
rats(5). The difference between these two 
values may be due to a species variation; 
however, ‘‘strips of skin” included epidermis 
which was absent in our study. This may 
suggest that a considerable difference exists 
between the oxygen consumption of epithelial 
and connective tissues. As expected there is 
an increase (+396%) in the endogenous 
metabolism of granulation tissue (Group A) 
compared with dermis (Group C) from the 
corresponding area of rabbits. The metabo- 
lism and water content of young “normal” 
cells are consistently higher than of older 
cells(6). However, the histological organiza- 
tion of granulation tissue and of dermis is not 
exactly comparable. The chief difference is 
not only smaller numbers of actively prolifer- 
ating cells and capillaries, but also the almost 
complete absence of polymorphonuclear leuco- 
cytes in the latter. Therefore, it is suggested 
that the increase in oxygen consumption may 
be due not only to the presence of larger num- 
bers of younger cells, but to different cell types 
found in granulation tissue as compared with 
dermis. A comparison of the oxygen uptake 
of cortisone-treated (Group B) with non- 
cortisone treated granulation tissue (Group 
A) shows a significant decrease (66%). This 
suggests that cortisone exerts an inhibitory 
action on the oxygen consumption of granula- 
tion tissues. Since this tissue is composed of 
various cell types, it further suggests that 
cortisone may inhibit the growth (anabolic) 
processes in one or more of the component 
cells, e.g., fibroblasts, clasmatocytes or endo- 
thelial cells. It has been shown that whole 
adrenocortical extract (ACE) and corticoster- 
one, when incubated with liver and brain 
slices from normal rats, inhibit oxygen con- 


sumption(7). Thus it appears that the cor- 
tisone fraction of ACE is probably not specific 
in its metabolic depressant action. The 
mechanism of this inhibitory action has not 
yet been elucidated. Further experiments are 
underway in this laboratory. 


Summary. The oxygen consumption (QOs2) 
of pooled dermal and granulation tissue slices 
from 2.5-3.5 kg male white rabbits were stud- 
ied by the Warburg technic. The rabbits were 
divided into 3 groups: (A) Those subjected to 
dermal injury. (B) Those subjected to der- 
mal injury, but in addition receiving pre- and 
post-operative cortisone treatment, 7.e., 25 
mg/day. (C) Those animals subjected to a 
sham operation. 1. “Normal” uninjured der- 
mal slices give a mean endogenous QOz value 
of 0.27 + 0.02 (Group C, Table I). 2: Sheesm 
from untreated granulation tissues (Group A) 
show an increase of 396% over their control 
(Group C). 3. Slices from cortisone-treated 
granulation tissue (Group B) give only a 
67% increase over the control (C), or a 66% 
decrease when compared with untreated gran- 
ulation tissue(A). 4. The implications of 
these results are discussed. 
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Effect of Sodium Salicylate Treatment on Antibody Titers in Rats Infected 


with Trypanosoma lewisi. 


W. M. MEvers Anp M. G. LysENxko. 


(20552) 


(Introduced by C. V. Seastone. ) 


From the Department of Medical Microbiology, University of Wisconsin, Madison: 


An increased parasitemia and a prolonga- 
tion of the reproduction phase of 7. lewisi in 
salicylate-treated rats has been described by 
Becker and Gallagher(1). The mode of ac- 
tion of salicylates, as it affects the immune 
response, has not been adequately explained. 
Two possible mechanisms of salicylate activ- 
ity have been postulated, namely, an ACTH- 
like effect(2), or an interference with antigen- 
antibody reaction(3,4). This present investi- 
gation is an attempt to show that the circu- 
lating antibody concentration is lowered by 
salicylate treatment, lending support to the 
former viewpoint. 


Materials and methods. Male Wistar rats 
6 weeks old were infected intraperitoneally 
_ with the Becker strain of T. Jewisi and divided 
into 2 groups: (A) untreated; (B) sodium 
salicylate in distilled water (90 mg/ml) ad- 
ministered daily from the day of infection via 
a stomach tube (45 mg/100 g body wt). 
Treatment was discontinued the day before 
sacrificing. The animals were sacrificed at 
various intervals (Table I) by exsanguination 
under anesthesia. Each antiserum was 
titrated for agglutinins using trypanosomes 
collected from untreated rats with an 8-day 
infection. The organisms were suspended in 
a phosphate buffered (pH 7.4) saline solution 
containing 0.002 M glucose and used at a 
concentration of 120 x 10° trypanosomes per 
ml in the titrations. All tubes were read at 
the end of a 2-hour incubation at room tem- 
perature. Antisera salicylate levels were de- 
termined by the method described by 
Keller(5). 


Results. As may be seen in Table I demon- 
strable agglutinins appeared in untreated ani- 
mals in most instances after the 8th day of 
infection. A parallel series of salicylate- 
treated animals did not develop agglutinins 
until the 30th day with the exception of a low 
titer in one animal at the 16th day. Many of 
the salicylate-treated animals died during the 


course of the experiment showing a high para- 
sitemia at the time of death. 

The concentrations of salicylate in the anti- 
sera were found to be low and unrelated to the 
agglutinin titers. Levels of salicylate ranged 
from 0.02 to 0.85 mg/ml in individual ani- 
mals. To check the possibility of inhibition 
of the antigen-antibody reaction in vitro by 
these levels of salicylate, varying amounts of | 
sodium salicylate were added to several anti- 
sera from untreated animals. No lowering of 
the agglutinin titers of these antisera was ob- 
served at concentrations of 0.3, 0.6, 1.2, 2.4, 
4.8, and 9.6 mg/ml. 

Discussion. The typical course of infection 
as described by Taliaferro(6) in untreated 
animals, and as altered by salicylate treat- 
ment(1) was observed in this study. In- 
creased output of ACTH in animals receiving 
salicylate has been given as an explanation 
for the specific direct or indirect effect of the 
drug. Adrenal ascorbic acid depletion was 
not found in hypophysectomized animals re- 
ceiving salicylate(2). The evidence that 
ACTH and cortisone treatment reduces anti- 
body concentration seems to be adequate 
(7-9). 

In this study a direct determination of the 
concentration of circulating antibody was 
carried out. Inhibition of antibody produc- 
tion or its increased catabolism, or both, could 
account for the lower agglutinin titers found 
in salicylate-treated animals. Lysenko has 
demonstrated a lowered total serum nitrogen 
and gamma-globulin in salicylate-treated in- 
fected animals(10). The progressive nature 
of the infection in treated animals may be the 
result of lowered antibody concentration. 

Friend(11) and others have shown that 
salicylates inhibit antigen-antibody reactions 
in vitro. Friend obtained only 4% inhibition 
of an egg albumin-anti-egg albumin system 
using 80 mg of sodium salicylate per ml. This 
property of the drug was shown not to be 
operative in this investigation since salicylate 
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TABLE I. Agglutinin Titers of Untreated and Salicylate Treated Animals. 


Avg mg 
f Serum dilution-————- ———_——_——_,, sal. /ml 
es Neg.* 1:2 124° 128 1:16 1:32 1264> P2128 1256512 antiserum 
Untreated 
2 s 
4 4 
6 4 
8 2 1 1 
10 al 1 1 
12 1 3 
14 2 2 
16 1 ol} 1 1b 
18 1 1 0 ay 
20 1 
22, 2 1 ul 
26 1 1 
30 2 al 1 
339) 2 ab 1 
50 if! 
60 1 2 
80 il 
90 at 
120 2 
170 1 it 
Salicylate treated 
2 2 83 
4 4 10 
6 4 .09 
8 4 09 
10 4 27 
12 5 27 
14 4 23 
16 3 1 25 
18 4 Al 
20 2 35 
22 4 28 
26 2 15 
30 1 1 1 A3 
35 3 1 it 15 
50 1 1 i 23 
60 
80 1 1 12 
90 1 03 


* No. of animals showing no agglutination. 


Figures represent No. of individual rats tested. 


levels in antisera were comparatively very low 
and the addition of salicylate to antisera from 
untreated animals showed no agglutination 
inhibition. 

Summary. Daily treatment with sodium 
salicylate reduced the concentration of cir- 
culating antibody in rats infected with 7. 
lewisi. Possible modes of action are discussed. 
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Failure of Short-term Administration of Thyrotrophic Hormone to Produce 


Exophthalmos in Man.* 


(20553) _ 


BENJAMIN SIMKIN AND PAUL STARR. 


From the Department of Medicine, University of Southern California, School of Medicine, and the 
Thyroid Clinic, Los Angeles County General Hospital. 


_It is widely held that thyrotrophic hormone 
(TSH) is the cause of human exophthalmos, 
but this has never been directly proven by 
experimental observation. This opinion is 
based upon the development of exophthalmos 
in several species of animals following the 
administration of various TSH preparations 
(1). To our knowledge there are no pub- 
lished reports on the exophthalmic potency of 
TSH in man. It is the purpose of this report 
to show that the short-term administration 
of thyroid stimulating doses of certain TSH 
preparations does mot cause exophthalmos in 
man. 


Methods and procedure. In the course of 
_ clinical studies on the use of TSH injections 
as a means of differentiating pituitary from 
primary hypothyroidism in patients(2), serial 
quantitative measurements of the amount of 
protrusion of the eyeballs of these patients 
were obtained before, during and after the 
administration of the hormone. Exact meas- 
urement of proptosis was accomplished with 
the aid of the Hertel exophthalmometer. One 
of us (B.S.) obtained all of the readings. 
Measurement of proptosis was made daily 
during the administration of TSH, and each 
daily measurement represented the average 
of 3 readings with the exophthalmometer. 

In this study, exophthalmometer readings 
were obtained in 3 groups of patients. The 
control group consisted of 14 untreated pa- 
tients in whom 2 daily consecutive exophthal- 
mometer measurements were made. The sec- 
ond group consisted of 5 patients who had 


* This investigation was supported in part by a 
research grant from the National Cancer Institute of 
the National Institutes of Health, U. S. Public 
Health Service, by a research grant from the Cali- 
fornia Division of the American Cancer Society, and 
by a grant from the Parke-Davis & Co. 

Presented at 5th Meeting, Western Society for 
Clinical Research, Carmel, Calif., Jan. 25, 26, 1952. 


intact thyroid glands capable of functioning; 
all 5 of these patients had a marked increase 
in radioactive iodine uptakes by their thyroid 
glands following the administration of TSH 
(Table I). Two of these patients had pitui- 
tary hypothyroidism and the other 3 patients 
were euthyroid. The third group consisted of 
8 athyreotic hypothyroid patients; these pa- - 
tients were proved to be athyreotic by failure 
of their thyroid glands to be stimulated by 
TSH injections (Table I). The 13 patients 
in the last 2 groups received daily doses of 
25 or 30 mg of TSH by intramuscular injec- 
tion for from 3 to 22 days. This dose of TSH 
was found to be thyroid-stimulating in those 
patients with intact thyroid glands. Nine 
patients received a Parke-Davis TSH prep- 
aration, Lot No. 50P5; 3 patients received a 
preparation of Armour TSH, Lot No. 
K26002; and one patient was given Armour 
TSH, Lot No. K39405.t 


Results and discussion. Two daily con- 
secutive exophthalmometer measurements in 
the 14 untreated control patients resulted in a 
mean change in readings of —0.014 + 0.096 
mm (p = 0.88). The administration of TSH 
to the group of 5 patients with intact thyroid 
glands and to the group of 8 athyreotic pa- 
tients resulted in mean changes in exophthal- 
mometer reading of —0.119 + 0.102 mm 
(p = 0.24) and +0.033 + 0.075 mm (p = 
0.67), respectively. These data show that 
the administration of TSH to patients both 
with or without intact thyroid glands caused 
no greater changes in exophthalmometer read- 
ings than those observed upon 2 consecutive 
daily readings in the untreated or control 
group. In short, thyroid-stimulating doses 
of TSH did mot produce exophthalmos in our 
patients under the conditions of this experi- 


t We would like to thank the Parke-Davis & Co., 
and the Armour Laboratories for supplying us 
with TSH preparations used in this study. 
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TSH anp ExopHTHALMOS IN MAN 


TABLE I. Effect of TSH on Thyroid I Uptake. 


— Thyroid intaet-——__—_—__,, 


— Athy reotic———————— 


Thyroid [™ uptake Thyroid I** uptake 
No.of days Before After Imens Ieee No. of days Before After ners 

of TSH TSH TSH uptake of TSH TSH TSH uptake 
3 7% 65% +58% 12 4% 3% —1% 

5 5 69 +64 3 0 0 0 

5 21 44 +23 5 3 2 —l 

3 19 42 +23 5 2 3 +1 

22 il 14 +13 5 iy 23 +6 

3 10 15 +5 

5 3 5 +2 

11 0 iL +1 
Mean 10.6 46.8 +36.2 Mean 4.9 6.5 +1.6 


ment and with the particular TSH prepara- 
tions used. 

These results are contrary to previous 
animal observations in which anterior pitui- 
tary preparations with thyrotrophic activity 
induced exophthalmos in the guinea pig, 
rabbit, and a fish (Fundulus), within a time 
period of 24 to 72 hours. Possible explana- 
tions for this discrepancy are: 1) the dose of 
TSH given to our patients was too small; 
2) TSH was not administered to our patients 
for a long enough period of time; 3) there is 
a species difference in the ability of the orbital 
tissues to respond to TSH; 4) there may be 
differing degrees of exophthalmic potency of 
various TSH preparations; and consequently, 
5) exophthalmos may be caused by a pituitary 
exophthalmic factor which is not TSH but 
which is closely associated with it when whole 
pituitaries are fractionated by chemical means. 
We have not been able to test the first 3 
points as yet, but plan to do so in the future. 
Concerning the last 2 points, Dobyns(3) has 
shown that there may be differing degrees of 
exophthalmic potency of various TSH prep- 


arations, and studies by Jefferies(4) on the 
inactivation of TSH with iodine suggest that 
the pituitary exophthalmic factor may not be 
identical to thyrothrophic hormone. 


Summary. The parenteral administration 
of thyroid stimulating doses of 3 thyrothrophic 
hormone preparations in 13 patients both with 
and without thyroid glands for from 3 to 22 
days failed to cause any statistically signifi- 
cant increase in proptosis. Under the condi- 
tions of this experiment, the short-term ad- 
ministration of TSH did not cause exophthal- 
mos in man. 


We are indebted to Dr. Frederick Moore, Uni- 
versity of Southern California, School of Medicine, 
for the statistical analysis of the data. 
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Response of Metacorticoid Hypertension to Bistrium, Apresoline, Veriloid 


and Serpentina. 


F. M. SturteEvAnt. 


(20554) 


(Introduced by F. J. Saunders.) 


From the Division of Biological Research, G. D. Searle & Co., Chicago. 


Metacorticoid, or post-DCA, hypertension 
is a self-sustaining cardiovascular disease at- 
tained in rats approximately 2 months after 
the implantation of a desoxycorticosterone 
acetate (DCA) pellet and the substitution of 
saline for drinking water(1-4). In many re- 
spects this type of hypertension appears 
similar to essential hypertension in man(1,5) ; 
as a consequence, it should prove useful for 
screening compounds of possible value in the 
treatment of humans. To test this hypothesis, 
we have investigated the activity of several 
agents known to have some effect in essential 
hypertension: Bistrium (hexamethonium io- 
dide, Squibb), Apresoline (1-hydrazinophthal- 
azine, Ciba), Veriloid (a purified alkaloidal 
fraction of Veratrum viride, Riker), and Ser- 

pentina (powdered roots of Rauwolfia ser- 
pentina, Penick). 


Materials and methods. Acute experiments: 
Groups of male Sprague-Dawley rats were 
used which had received a single 20 mg pellet 
of DCA 3 to 6 months previously, and had 
been maintained on 0.86% NaCl solution 
and Rockland Rat Diet ad libitum. The sys- 
tolic blood pressures of treated rats were esti- 
mated with a photoelectric tensometer(6) 
immediately before and 2, 414, 6% and 25 
hours after treatment, and were compared to 
simultaneous readings from saline-injected 
controls. The mean blood pressure of over 
400 normal rats has been determined by 
the tensometer method as 120 mm Hg, with 
a standard deviation of 10. Pressure read- 
ings on individual rats were made in ignor- 
ance of the treatment the rat had received 
and of the previous pressure reading. Each 
test was completed by one person on the 
same tensometer in a darkened room at 
constant temperature. The rats were 
trained for at least 3 months before testing, 
and were deprived of food and saline from 
the first pressure reading until after the 
6%4-hour reading. Saline solutions of 


Bistrium, Apresoline, and Veriloid were ad- 
ministered by stomach tube or subcutaneous 
injection at several dose levels (Table I). Al- 
though the ¢-tests for significance(7) utilized 
data from single control experiments, these 
data are averaged in Table I for brevity. 
Chronic experiment: Wilkins and Judson(8) 
reported that the response of hypertensive 
patients to Rauwolfia serpentina usually is not 
seen until after 3 to 6 days of administration. 
Accordingly, for 10 days 6 hypertensive rats 
(mean weight — 440 g) were offered ad 
libitum ground Rockland Rat Diet containing 
5% powdered R. serpentina roots. Six hyper- 
tensive controls of similar body weight re- 
ceived Rat Diet only; both groups were of- 
fered 0.86% NaCl solution to drink. Blood 
pressures were taken as above, immediately 
before, and after 3, 5, 7, and 10 days of 
treatment (Table I). 

Results and discussion. Single injections 
of Bistrium, Apresoline, and Veriloid signifi- 
cantly reduced blood pressures below simul- 
taneous control readings, although when nor- 
motension was achieved, it was not generally 
maintained over the 25-hour period. On a 
dosage basis, Veriloid appeared to be the most 
active of the 3 compounds tested acutely. On 
the other hand, Bistrium and Apresoline, in 
the doses employed, seemed to have a greater 
duration of effect. 

Serpentina was effective when adminis- 
tered in the food over a several day period. 
Assuming a food consumption of 80 g/kg/day 
(unpublished data), these rats were receiving 
approximately 4 g of root/kg/day. 

Metacorticoid hypertension is not amelior- 
ated by removal of the adrenals, thyroid, 
parathyroids or gonads, nor by drastic dietary 
restriction of Na or K(1). Hypophysectomy 
(2) and nephrectomy(3) abolish the hyper- 
tension, while Dibenamine(1) and certain 
11,17 derivatives of 4-androsten-3-one(9) 
lower the blood pressure temporarily. The 
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TABLE I. Therapy of Metacorticoid Hypertension. 
Mean blood pressure of treated rats, mm Hg 
ze maa 
Dose, No. Before 
Treatment mg/kg Route* rats inj. 2 hrt 4% hr 644 hr 25 hr 
Apresoline 5 Sc 3 193 175 179 183 180+ 
10 Ms 8 192 154} 157 167 180 
25 fe 4 189 1629 1509 146§ 1526. 
200 ST 3 189 1704 176 198 = 
Control 20 192 192 187 189 191 
Bistrium 32 SC 8 188 185 157$§ 148§ 166§ 
40 a 8 189 145§ 148§ 158$ 181} 
20 ST 4 189 185 184 181 192 
320 i 4 198 1389 181 167 156$ 
Control 24 192 190 188 190 193 
Veriloid 05 SC 4 200 208 188 190 194 
10 4 200 190t 186§ 1789 188 
Control 8 200 198 199 202 198 
Before 3 5) of 10 
inj. dayst days days days 
Serpentina 5% in food 6 ITE 142$§ 146t 139} 144¢ 
Control 6 178 183 168 166 170 


* SC = subeut.; ST — by stomach tube. 
tP <.05 that treat mean — control mean. 


present data do not contradict the thesis that 
metacorticoid hypertension closely resembles 
those cases of essential hypertension in which 
the maintenance of elevated blood pressure 
does not involve adrenocortical participa- 
tion(1). 

Summary. Single injections of Bistrium, 
Apresoline, and Veriloid induced significant 
temporary reductions in the blood pressure 
of rats with metacorticoid (post-DCA) hyper- 
tension. Similar rats treated chronically with 
Serpentina root exhibited a sustained depres- 
sion of blood pressure. 


The technical assistance of Ardys Magner, Cath- 
erine Tsou, Nancy Hansen and Joanne Witous is 
gratefully acknowledged. 
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Some Hormonal Effects on Phosphorylation in the Liver of Rats.* (20555) 


W. E. Cornatzer, DUANE G. GALLO, AND JoHN P. Davison. 
From the Department of Biochemistry, University of N. Dakota Medical School, Grand Forks, N. D. 


The ratio of phospholipide and nucleopro- 
tein synthesis in the liver of rats appears to 
be rather constant in animals maintained on 
various experimental diets, irrespective of the 
fat or protein content(1). There appears to 
be a constant relationship of the synthesis of 
phospholipides to that of the nucleoproteins, 
whether or not the liver is fatty, fibrosed or 
normal(1). This constant rate of synthesis 
of liver phospholipides appears changed very 
little by dietary intake, but may be in- 
fluenced by metabolic requirements of the 
body. The thyroid gland plays a definite 
role in phospholipide metabolism(2). In ex- 
perimental animals, thyroxine increases the 
rate of synthesis in the liver which reflects a 
similar increase in the plasma(3). Thiouracil 
and thiourea diminish the phospholipide turn- 
~ over(3,4). The growth hormone produces an 
increase in the turnover of liver phospholipides 
in normal or in hypophysectomized rats(5). 
In view of the above findings, experiments 
were undertaken to ascertain the effects of 
various hormones on phospholipide and nu- 
cleoprotein synthesis in the liver. 

Methods. Male, albino rats (100-110 g) 
were divided into 3 groups, with a control for 
each group maintained on Diet 29(6). 
Group 1. A total of 37 animals received Diet 
29(6) for 3 weeks. The diet for 16 of these 
was supplemented with 1% thiourea. Group 
2. Eleven animals were maintained on Diet 
29(6), fasted 24 hours and received an intra- 
peritoneal injection of 5 mg of “beef thyro- 
tropin” in saline (fat mobilization fraction of 


* This investigation was supported (in part) by 
a research grant from the Division of Research 
Grants and Fellowships of the National Institute of 
Health, U. S. Public Health Service and the North 
Dakota Cancer Society. The P#2 used in these 
experiments was obtained from the National Labora- 
tories, Oak Ridge, Tenn., on allocation from the 
U. S. Atomic Energy Commission. Tlhe Beef 
Growth Hormone and Thyrotropin was supplied 
by Dr. S. L. Steelman, Endocrinology Section, 
Armour Laboratories, Chicago, Ill. 


the pituitary)' and 13 controls received 
physiological saline. Group 3. Four animals 
were maintained on Diet 29(6) and received 
daily intraperitoneal injections of 0.20 mg of 
pure growth hormone for 10 days and 3 con- 
trols received physiological saline. Radio- 
active phosphorus was administered intra- 
peritoneally as inorganic phosphate, contain- 
ing 2-4 uc of P* and after 6 hours the animals 
were killed by decapitation. The liver was | 
removed, rapidly weighed and, in most cases, 
divided into equal portions for analyses. The 
acid-soluble phosphorus was removed by ex- 
tracting with 10% trichloroacetic acid (TCA) 
containing 0.4 M MgClo(8). The lipides were 
extracted from the TCA insoluble residue with 
alcohol and alcohol-ether and purified with 
chloroform(9). On aliquots of the chloroform 
solution, the weight of the lipides, the radio- 
activity(9), and phosphorus(10) were de- 
termined. After the solvent extraction (TCA, 
alcohol-ether), the liver residue was digested 
for 3 hours at 90°C in one normal NaOH to 
determine total protein-bound phosphorus 
(11). This fraction contained both the 
nucleoprotein and _ phosphoprotein(11,12). 
Phosphoprotein is only a minor component of 
animal tissue(12). On aliquots, the total 
phosphorus(10), nitrogen(13), and radioac- 
tivity were determined. From these results 
and the radioactivity measurements, the rela- 
tive specific activities+ of the phospholipides 
and nucleoproteins, and the ratio of phospho- 
lipide phosphorus to nitrogen were calculated. 
Under the conditions of our experiment, 
an increase in the formation of phospho- 
lipides and nucleoproteins may reasonably be 


t This fat mobilization fraction was assayed using 
the 7 hr mouse method of Payne(7). Twelve mice 
receiving saline, 0.125 mg and 0.500 mg of beef 
thyrotropin showed respectively 4.6, 5.6 and 11.8% 
of fat in the liver. (Courtesy of Dr. S. L. Steelman, 
Armour Laboratories, Chicago). 

t+ The relative specific activity is the ratio of the 
specific activities of the phospholipide P or nucleo- 
protein P to that of the acid-soluble P. 
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TABLE I. Effect of Thiourea, Thyrotropin (Pituitary Fat Mobilization Factor) and Growth Hormone 
on the Phospholipide and ‘‘Nucleoprotein’’ Synthesis in the Liver of Rats. 


yy R..8. As* —S R.S.A.* phos- 
Phospholipide P Nucleo- Phospho- pholipide P 
- —, protein P lipide P ed 
No. of Total Per g of fat : R.S.A. nucleo- 
Exp. condition Samples lipides, g free tissue Nitrogen protein P 
Thiourea 
Controls 22 147 —_— .062 037 2.454 
+.024 +.013 +.004, Exod 
Thiourea 31 .090 — 051 034 1.764 
+.019 a0) +.007 ==.276 
Difference be- 7 9.605 — 3.549 1.764 6.269 
tween means P IPR (ili Pee OW Pi, 05) Pi<Ou 
Thyrotropin 
Controls 25 55 212 .038 073 033 2.954 
all +.020 =+.006 +.012 +.008 + .402 
Thyrotropin 22 83 .205 036 084 .036 2,484 
=.20 +.028 + .006 = O17 +.008 = .289 
Difference be- 7 6.01 962 1.148 2.602 3.440 4.551 
tween means P Pr Oil: IP SSD 12 SS 05 P05 1 <A Preoil 
Growth hormone 
Controls 6 58 126 022 .060 031 2.127 
+.06 +.012 +.002 +.008 +.003 .202 
Growth hormone 8 96 165 027 .075 .027 2.217 
+.07 es OO +.003 - +.007 +.002 +.158 
Difference be- ¢ 58 4.824 4.142 3.747 3.314 .938 
tween means P ESSA PA On 1a (Oil iPice AMAL Peril) P S205 


" * Relative specifie activity. 


Figures preceded by the + sign indicate stand. dev. ¢ is the test of significance applied to difference 
between the means. P is probability for chance occurrence of this difference. 


assumed when higher values for the relative 
specific activities are found. Various factors, 
such as differences in the rates of absorption 
and in the equilibrium between intra- and 
extra-cellular specific activities of the inor- 
ganic phosphorus, may conceivably produce 
changes in the specific activity of the inor- 
ganic fraction. Comparisons of the relative 
specific activities should provide a means of 
reducing these causes of error. 

Results and discussion. The data obtained 
from the present investigation concerning 
some hormonal factors which influence phos- 
pholipide and nucleoprotein metabolism, 
phosphorus, and nitrogen distribution in the 
3 groups of animals are reported in Table I. 
To evaluate the statistical significance of the 
results, the ¢ test of significance(14) was ap- 
plied to the difference between the means of 
the results from each group. 

On feeding thiourea, statistically significant 
decreases between fed animals and controls 


were noted when the relative specific activities 
(ratio of specific activity of phospholipide P 
or nucleoprotein P, respectively, to specific 
activity of acid-soluble P) of phospholipide 
or nucleoprotein fractions of the 2 groups 
were compared. However, if the ratio of rela- 
tive specific activity of the phospholipide to 
relative specific activity of nucleoprotein is 
compared in the thiourea-fed animals as 
against the controls, it turns out that the 
ratio is lower in the thiourea-fed animals. 
This would indicate that phospholipide syn- 
thesis in the liver of animals fed thiourea, as 
evidenced by the P* incorporation, is inhib- 
ited more than is nucleoprotein synthesis. If 
the synthesis of both fractions were inhibited 
equally, although P*? incorporation in the 
experimental animals would be reduced, the 
ratios of relative specific activity of phospho- 
lipides to relative specific activity of nucleo- 
proteins would be the same in the 2 groups 
of animals. 
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It is of interest that this ratio of synthesis 
of phospholipides to nucleoproteins is con- 
stant in the liver, irrespective of dietary fat 
or protein content and is not influenced by 
the presence or absence of fat in the liver(1). 
Campbell and Kosterlitz(15) have demon- 
strated in the rat that the ratio of liver pro- 
tein nitrogen to phospholipides remains ap- 
proximately constant on various levels of 
dietary proteins. In the present studies, it 
has been found that with administration of 
the pituitary fat mobilization hormone (beef 
thyrotropin) there was a 51% increase of 
mobilization of the fat in the liver in 6 hours. 
This increase in total lipides was statistically 
significant (P <0.01). However, there was 
no change in the phospholipide synthesis. 
Pituitary fat mobilization hormone apparently 
does effect nucleoprotein synthesis, for there 
was an increase in the relative specific activi- 
_ ties of the nucleoproteins. 


The growth hormone, as shown in Table I, 
fails to affect the total lipide concentration in 
the liver, but stimulates both phospholipide 
and nucleoprotein synthesis (P <0.01). This 
effect of growth hormone on lipide phosphory- 
lation is in agreement with that of Geschwind 
et al.(5). 


Summary. 1. Thiourea diminished phos- 
pholipide and nucleoprotein synthesis in the 
liver of rats. 2. The fat mobilization fraction 
of the pituitary gave a 51% increase in total 
lipides in the liver of rats in 6 hours. How- 
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ever, there was no change in the synthesis of 
phospholipides, but a statistical increase in the 
synthesis of nucleoproteins. 3. The Growth 
Hormone increased both phospholipide and 
nucleoprotein synthesis in the liver of rats. 
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Further Studies of Metabolic Removal of Alkyl Groups from Nitrogen 
in Barbituric Acid Derivatives.* (20556) 


Tuomas C, BuTLER. 
From the Department of Pharmacology, University of North Carolina School of Medicine, 
Chapel Hill, N. C. 


In an earlier study(1) of the metabolic fate 
of N-substituted derivatives of barbital, it 
was found that when N-methyl barbital or 


* This investigation was supported in part by a 
research grant from the National Institute of Mental 
Health, of the National Institutes of Health, Public 
Health Service. 


N-ethyl barbital is administered to dogs, a 
considerable amount cf barbital is excreted 
in the urine. A trace of pure barbital was 
recovered from the urine of one dog receiving 
N-n-propyl barbital; from another one none 
could be isolated. The isopropyl, allyl, 
n-butyl, and phenyl derivatives of barbital 
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were not converted to barbital in sufficient 
amounts to allow isolation. By means of an 
analytical method for the determination of the 
methylated and demethylated compounds in 
plasma, a quantitative study of the conversion 
of N-methyl barbital (metharbital, Gemonil) 
to barbital has already been carried out(2). 
In the present study methods have been de- 
veloped for the determination in plasma of 
N-ethyl or N-v-propyl barbital in the presence 
of barbital. These methods have been applied 
to an investigation of the physiological dis- 
position of those 2 derivatives of barbital. An 
elucidation of the difference between the fates 
of the propyl derivative and of the 2 lower 
homologues was considered of particular theo- 
retical interest. Also included in this report 
is a study of the rates at which the 2 methyl 
groups are removed from N,N’-dimethyl bar- 
bital. The conversion of this compound to 
barbital had previously been demonstrated 
(3), and the method for determination of 
monomethyl] barbital and barbital in plasma 
(2) has now been used to follow the course 
of the double demethylation. 

Materials. The N-ethyl, N-n-propyl and 
N,N’-dimethyl derivatives of barbital were 
synthesized by Dr. Milton T. Bush of Van- 
derbilt University(1,3). Administration of 
drugs. N-ethyl barbital and N-propyl barbi- 
‘tal were given to dogs intravenously as freshly 
prepared aqueous solutions containing 1.1 
equivalents of NaOH. N,N’-dimethyl barbi- 
tal was injected intraperitoneally as a solution 
of 8 mg per ml in saline. Determination of 
N-methyl barbital and barbital in plasma. 
The method previously described was used (2). 
Unchanged N,N’-dimethyl barbital, not being 
ionizable, is not extracted from ether into the 
carbonate buffer. It is consequently not de- 
termined and does not interfere. Determina- 
tion of N-ethyl barbital and barbital in 
plasma. In a glass stoppered centrifuge tube 
are placed 4 ml of oxalated plasma, 1 ml of 
buffer, pH 6 (0.86 moles KH,PO, + 0.14 
moles K2:HPO, per 1), and 25 ml of ethyl 
ether previously purifred by distillation and 
washing with solutions of NaOH and HCl and 
finally with water. After shaking and cen- 
trifugation, 20 ml of the ether phase is trans- 
ferred to another tube and shaken with 4 ml 
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of 0.2 N NaOH saturated with ether. After — 
centrifugation the lower phase is withdrawn 
and shaken with 2 ml of ether. The tube is 
centrifuged and the ether discarded. To 3 ml 
of the aqueous phase is added 3 ml of 0.2 M 
H;BOs;. The resulting pH is about 10, and 
both compounds to be determined are present 
essentially completely in the form of mono- 
polar anions. The optical density is measured 
at 241, 250, and 260 mp» with a Beckman 
ultraviolet spectrophotometer. A mixture of 
equal parts of the NaOH and H;BOs solu- 
tions is used as the blank. At 241 and at 250 
mu the absorption of N-ethyl barbital is 
equal, and it is from the difference between 
the densities at these 2 wavelengths that the 
concentration of barbital is calculated. The 
concentration of N-ethyl barbital is derived 
from the difference between the density at 
250 mu and that at 260 mp. From the ob- 
served densities at these 2 wavelengths are 
subtracted the corresponding densities that 
would be contributed by the concentration of 
barbital found by the first calculation. The 
difference between the corrected density at 
250 mp» and the corrected density at 260 my 
is the value from which the concentration of 
N-ethyl barbital is calculated. Errors due to 
interference from normal constituents of 
plasma have not exceeded values correspond- 
ing to concentrations of 2 mg per | of either 
drug. Determination of N-propyl barbital 
and barbital in plasma. The method is iden- 
tical to that described for the ethyl com- 
pound except that a measurement at 242 mu 
is substituted for that at 241 mu. 

Results and discussion. Following intra- 
venous injection of N-ethyl barbital and N- 
propyl barbital in dogs, the resulting concen- 
trations of unchanged drugs and dealkylated 
products are shown in Fig. 1 and 2, respec- 
tively. In both experiments there is an 
initial rapid drop in the concentration of un- 
changed drug, this being doubtless due to 
passage of the drug from blood into tissues 
rather than to actual loss from the body by 
chemical destruction or excretion. After this 
phase the decline in concentration is slow. 
The pattern of falling plasma concentration 
of both of these drugs resembles closely that 
previously found for N-methyl barbital (2). 


N-DEALKYLATION OF BARBITURIC ACIDS 


CONC IN PLASMA—MGM.PER LITER 
n 


TIME AFTER INJECTION-DAYS ; 

FIG. 1. Curve A (points designated by circles) 

shows the concentrations of unchanged drug and 

Curve B (points designated by triangles) the con- 

centrations of barbital found in plasma following 

the intravenous inj. of 3 X 10+ moles (64 mg)/kg 
of N-ethyl barbital in a 12 kg female dog. 


CONC. IN PLASMA - MGM. PER LITER 


oO. 


) Sar, : 3 
TIME AFTER INJECTION - DAYS 
FIG. 2. Curve A (points designated by circles) 
shows the concentrations of unchanged drug and 
Curve B (points designated by triangles) the con- 
centrations of barbital found in plasma following 
the intravenous inj. of 2.5 X 10 moles (57 mg) 
per kg of N-propyl barbital in a 12 kg female dog. 


All 3 of these alkyl derivatives of barbital 
disappear at rates that are of the same order 
of magnitude. 

As unchanged N-ethyl barbital disappears 
from the plasma, barbital appears and _ in- 
creases slowly in concentration for more than 
a day. Comparison with the corresponding 
experiment in which the same molar dose of 
N-methyl barbital was given to another dog 
(2) shows that barbital was produced some- 
what more rapidly from the methyl than from 
the ethyl derivative but that the rates at 
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which these 2 alkyl groups are removed from 
nitrogen are of the same order of magnitude. 

Calculation of the yield of barbital by the 
procedure outlined in the earlier study(2) in- 
dicates that approximately 60% of the N- 
ethyl barbital that has disappeared after 2 
days can be accounted for as barbital pro- 
duced. While this estimate is necessarily 
rough, it does corroborate the conclusion(1), 
based on isolation of barbital from urine, that 
N-ethyl barbital is dealkylated to a large ex- 
tent. If allowance is made for losses, the 
amounts isolated from urine are consistent 
with a yield of the order of that estimated 
here. 

The metabolic fate of the N-propyl deriva- 
tive of barbital is in striking contrast to that 
of the 2 lower homologues in that much less 
barbital is produced. In the experiment of 
Fig. 2, the highest concentration of barbital 
found is less than 4 times the normal blank. 
The measurements are consequently subject 
to a large proportional error, but do suffice to 
indicate that not more than about 10% of 
the N-propyl barbital was dealkylated. This 
experiment is thus corroborative of the earlier 
discovery(1) that N-propyl barbital does not 
give rise to significant amounts of barbital in 
the urine. It was suggested(1) that failure of © 
N-propyl and some of the other N-substituted 
barbitals to be converted to any great extent 
to barbital might be due to their destruction 
by more rapid reactions rather than to any 
inherent incapacity of the body to remove the 
substituent groups from nitrogen. The brief 
duration of action of a single intravenous dose 
of N-propyl barbital was at that time taken 
as evidence of rapid chemical destruction. 
It is now known that the transient character 
of the effects seen after intravenous injection 
of this drug (and also other N-substituted 
barbituric acids and thiobarbituric acids) can 
be attributed to physical redistribution of the 
drug in the body rather than to chemical 
inactivation. It is evident in the experiment 
of Fig. 2 that N-propyl barbital persists in 
the body for a long time and that the low 
production of barbital cannot be due to rapid 
removal of the parent compound by other 
processes. Either the propyl group is less 
susceptible to enzymatic attack than the 
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FIG. 3. Curve A (points designated by circles) 
shows the concentrations of N-methyl barbital and 
Curve B (points designated by triangles) the con- 
centrations of barbital found in plasma following 
the intraperitoneal inj. of 3 * 10“ moles (64 mg) 
per kg of N,N’-dimethylbarbital in a 12 kg female 
dog. Unchanged drug was not determined. 


methyl and ethyl groups, or the initial product 
of enzymatic action is one in which there is 
less tendency toward rupture of the nitrogen- 
carbon bond. 


N,N’-dimethyl barbital was injected intra- 
peritoneally in a dog and the concentrations 
of the singly and doubly demethylated prod- 
ucts in plasma measured. The results are 
shown in Fig. 3. The monomethyl compound 
‘appears at a relatively rapid rate. The final 
product of demethylation, barbital, appears 
more slowly and is increasing in concentration 
long after its immediate precursor has passed 
its maximum concentration. If it be assumed 
that the volumes of distribution are the same 
as found in an earlier experiment(2), it can 
be calculated that the initial rate at which 
dimethyl barbital is converted to monomethyl 
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barbital is several times that at which the 
latter compound is converted to barbital. It 
might be expected that the probability of a 
methyl group being lost within a given period 
of time would be higher for a molecule con- 
taining 2 identical methyl groups than for a 
molecule containing only one. This factor 
alone would not, however, suffice to explain 
the high rate at which the first methyl group 
is removed from N,N’-dimethyl barbital. 

Summary. Analytical methods are de- 
scribed for the simultaneous determination in 
plasma of N-ethyl barbital and barbital or 
N-propyl barbital and barbital. These meth- 
ods have been used to study the metabolic 
fate in the dog of the N-ethyl and N-propyl 
derivatives of barbital. Both of these com- 
pounds disappear slowly from the plasma. 
N-ethyl barbital is converted in considerable 
part to barbital, the concentration of that 
substance in plasma increasing for more than 
a day. N-propyl barbital is converted to 
barbital only to a very small extent. By 
means of methods previously developed for 
the simultaneous determination of N-methyl 
barbital and barbital in plasma, the fate of 
N,N’-dimethyl barbital has been studied. 
Both methyl groups are removed from this 
compound, the first much more rapidly than 
the second. 


The assistance of Darien Mahaffee and William J. 
Waddell is gratefully acknowledged. 
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Concentration of Ascorbic Acid in Human Adrenal Cortex Before and 


After ACTH Administration.* 


(20557) 
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(Introduced by Philip E. Smith.) 
From the Department of Anatomy, Columbia University and the Department of Urology, 
Francis Delafield Hospital, Columbia University. 


It has been demonstrated that there is con- 
siderable species difference in adrenal ascorbic 
acid content, the concentration in the rat 
adrenal being about 3 times that found in the 
guinea pig(1). A considerable variation has 
also been reported within the same species, a 
range of 30 to 154 mg % having been found 
in the dog by Peters and Martin(2), who 
also found that there was little post-mortem 
change in the adrenal ascorbic acid content 
of the dog up to 6 hours post-mortem at 
“Morgue temperature” (12°C). This ob- 
servation appears to validate the findings of 
Yavorsky, Almaden, and King(3) on human 
adrenals from autopsy material. These in- 
- vestigators found an average adrenal ascorbic 
acid level of 55 mg %. Since the work of 
Sayers et al.(4-6) it has become apparent 
that much of the wide variation in ascorbic 
acid content of the adrenal is the result of 
depletion consequent to the action of adreno- 
corticotropic hormone, and that the lowering 
of adrenal ascorbic acid may be brought about 
through the action on the pituitary of noxious 
stimuli, such as cold, ‘‘shock”’, injection of 
toxins, hemorrhage, etc. The fall of adrenal 
ascorbic acid following stimulation does not 
occur in all species, (the chick(7) and the 
quail(8) failing to respond). Agate, Hud- 
son, and Podberezec(9) have reported the 
fall of cortical ascorbic acid following ACTH 
in the human. 

The opportunity was recently presented to 
gather some data on human adrenal ascorbic 
acid levels in surgically removed glands with 
only a relatively short time elapsed between 
surgical excision and determination of ascorbic 


* This work was supported in part by a grant 
from the Division of Grants and Fellowships of 
the U. S. Public Health Service. 

+ Damon Runyon Senior Clinical Research Fellow. 

t Damon Runyon Fellow, Urology Department, 
Francis Delafield Hospital. 


acid content. It was also possible to obtain 
glands from patients who had been pre- 
viously treated with ACTH or cortisone or 
both. 


Materials and methods. The data pre- 
sented here were secured from the surgically 
excised adrenal glands of 22 patients of both 
sexes, all of whom had metastases, in most 
cases from a prostatic or a mammary carci- 
noma. Only the data on the ascorbic acid 
content of the adrenal cortex are presented 
here. In one group (11 patients) bilateral 
adrenalectomy was performed at one opera- 
tion. All patients in this group were treated 
for 24 hours pre-operatively with 350 mg of 
cortisone in 5 divided doses. The right ad- 
renal was removed and in 8 cases imme- 
diately after excision 25 U.S.P. units of 
ACTH were administered intravenously. The 
second adrenal (the left) was removed after 
a variable interval of time ranging from 40 to 
180 minutes. In 3 cases in this group no 
ACTH was administered and the second 
gland was removed after an interval of 75 
to 90 minutes. In a second group the ad- 
renalectomy was done in 2 stages; some pa- 
tients were treated with cortisone preopera- 
tively and some were not. Six patients re- 
ceived 25 U.S.P. units of ACTH intraven- 
ously at timed intervals ranging from 40 to 
300 minutes prior to removal of the first 
gland. After a period of 14 to 30 days the 
second adrenal was removed from 8 of these 
patients after treatment with 350 mg of cor- 
tisone divided into 5 doses during 24 hours. 
No ACTH was administered prior to the re- 
moval of the second adrenal. In 3 patients, 
in this group, one ACTH treated and 2 
treated with neither cortisone nor ACTH, 
death intervened before the scheduled time 
for the removal of the second gland. It should 
be mentioned that no clinical or laboratory 
evidence of adrenal insufficiency was found 
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in any of these patients after the removal of 
a single adrenal. Immediately after excision, 
the gland was cut into slices about 2-5 mm in 
thickness. Some slices were fixed for routine 
pathological study. Several slices from each 
gland were used for ascorbic acid determina- 
tion, slices adjacent to each of these being 
fixed for histological study. An outline was 
traced of each slice to be used for chemical 
determination. Small segments were then cut 
out ranging from 20-60 mg in weight and the 
outline of the removed segment was indicated 
on the section outline. By comparison of this 
map of the material used for ascorbic de- 
terminations with suitably stained microscopic 
sections it was possible to ascertain what re- 
gions of the gland, medulla, cortex, or even 
various zones of the cortex, were included in 
the determination. Only determinations on 
cortex are included, data from segments hay- 
ing medulary tissue, excessive quantities of 
connective tissue, or large blood vessels being 
excluded. The segment of gland used for 
ascorbic acid determination was weighed im- 
mediately and ground with acid washed Berk- 
shire sand in 2 cc of 6% trichloroacetic acid. 
The total ascorbic acid was then determined 
by the method of Roe and Kuether. Deter- 
minations were done on at least 6 segments 
from each gland, usually on 10 or 12. 

Results. Fig. 1 shows the mean cortical 
ascorbic acid content of all the glands in the 
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FIG. 1. Heights of the bars indicate cortical as- 

corbic acid content in mg/100 g fresh tissue, Un- 

shaded area at top of bar represents range of plus 

and minus stand. error of mean, the mean being 

represented by the horizontal line in the center of 
this area. For further details see text. 
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FIG. 2. Vertical coordinate is same as for Fig. 1. 

Numbers toward top of each bar represent % de- 

parture of mean from the mean of glands from 

patients not treated with ACTH. For further de- 
tails see text. 


entire series. The first column represents the 

mean plus or minus thé standard error in mg 

of ascorbic acid per 100 g of cortex (135 + 

5) for males and females combined who were 

treated prior to operation with cortisone but 

no ACTH. The number in each column rep-_ 
resents the number of glands included. The 

second column is the mean (129 + 9.3) for 

those glands which received neither cortisone 

nor ACTH preoperatively. The third and 

fourth columns represent grouping according 

to sex of those glands which received no 

ACTH (131° -8-and-139 == 5)... The anaes 

jority received cortisone but the 3 cases which 

received no cortisone are included. There 

appears to be no significant difference between 

the first 4 columns. The last 2 columns rep- 

resent the cortical ascorbic acid of all glands 

in the series following ACTH treatment. The 

mean for the ACTH-treated males is 97.3 + 

9 mg % as compared with a value for the 

males with no ACTH of 131 + 8. The mean 

for the ACTH-treated females is 98 + 10, | 
as compared with 139 + 5 for the females 
with no ACTH. 


Fig. 2 represents the effect of time of ad- 


ministration of 25 U.S.P. units of ACTH on ~ 


the ascorbic acid content of the cortex. All 
figures are for males and females combined. 
The first is the mean of 134 + 44 mg % for 
all untreated glands. Subsequent values (40- 
45 minutes, 90-120 minutes, etc.) show a 
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steady decline to 91 + 11 mg % at 150-180 
minutes after ACTH. The last column at 
240-300 minutes (74 + 4.8 mg %) is com- 
plicated by the fact that 2 of these patients 
received an additional 50 U.S.P. units of 
ACTH during the operation making a total 
dose of 75 units. . 

Fig. 3 shows some individual cases. The 
left half of the chart shows cases of the first 
group which were bilaterally adrenalectomized 
in one stage. The points at the left repre- 
sent the cortical ascorbic acid value of the 
first adrenal which was removed prior to 
ACTH administration. Each point is con- 
nected by a solid line with the ascorbic acid 
value for the second adrenal removed after 
25 U.S.P. units of ACTH, the horizontal axis 
representing the time foes administration 
and excision of the gland. The 2 dotted lines 
represent 2 cases in which no ACTH was 
given. In these cases the time indicated is 
that elapsed between the removal of the first 
and second glands. On the right half of Fig. 
3 are shown values for the 2-stage operation. 
In these cases the values at the left represent 
the second gland which was removed with no 
ACTH treatment. The value for the first 
gland removed 2 weeks to a month earlier is 
shown toward the right, the time represented 
being the time elapsed between the adminis- 


111 


TWO STAGE OPERATION 


40 80 (20 160 200 240 


See text. 


tration of 25 U.S.P. units of ACTH and ex- 
cision of the gland. The dotted line shows 
values for a case which received no ACTH 
prior to the removal of either gland and the 
time indicated is the duration of surgery up to 
the time of excision of the first gland. 

Discussion. The primary purpose of corti- 
sone administration prior to adrenalectomy 
was to protect the patient from the effects of 
sudden cortical steroid deficiency. However, 
we felt, in view of the finding of adrenal 
atrophy in humans following prolonged cor- 
tisone administration(10), that cortisone in 
the dosage used probably inhibited the release 
of endogenous ACTH from the patient’s hy- 
pophysis during the course of the operation. 

This appears to be substantiated by 2 cases 
at a one-stage operation and one case at a 
2-stage operation, which received cortisone but 
no ACTH (Fig. 3, dotted lines). 

The usual dosage of ACTH used in this 
series of humans ranged from 300-550 milli- 
units per kg of body weight. The mean fall 
in cortical ascorbic was only 12% at 40 to 45 
minutes, but reached 26% at 90-120 minutes 
and 32% at 150 to 180 minutes. Under the 
conditions in our laboratory, using 100 g male 
rats at 24 hours after hypophysectomy a 30% 
depletion is obtained in adrenal ascorbic acid 
at 60 minutes after intravenous injection of 
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50 to 70 milli-units per k body weight. As 
demonstrated by Sayers(4), the ascorbic acid 
response in the rat reaches a maximum at 
about 20-30 minutes after ACTH injection. 
In evaluating the data in this series it is 
important to bear in mind that all the adrenals 
included in this series were from patients 
with relatively advanced carcinomata and no 
comparable data are as yet at hand from 
human adrenals of noncancerous patients. 
Summary. 1. The mean ascorbic acid con- 
tent of the adrenal cortex of human cancer 
patients prior to ACTH treatment was found 
to be 131 + 8 mg per 100 g tissue in the 
male and 139 + 5 mg % in the female. 
2. A 32% depletion in cortical ascorbic acid 
was found at 2 to 3 hours after intravenous 
injection of 25 U.S.P. units of ACTH. 3. The 
dosage of ACTH required to produce this de- 
pletion appears to be about 7 to 8 times that 
required per kg of body weight for the male 
hypophysectomized rat and the time elapsed 
between ACTH injection and maximal ascor- 
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bic depletion appears to be greater than 3 
hours in the human. 
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Effect of Continuous Injection of Epinephrine upon the Glycosuria of 


Partially Depancreatized Rats. 


(20558) 


Dwicut J. INGLE, DExTER F. BEARY, AND ANDREJS PURMALIS. 
From the Research Laboratories, The Upjohn Co., Kalamazoo, Mich. 


In acute experiments on intact animals, 
epinephrine causes hyperglycemia, redistribu- 
tion of glycogen stores and occasionally a 
mild glycosuria of short duration. The effects 
of the prolonged injection of epinephrine are 
less well studied. Epinephrine was adminis- 
tered continuously to normal and to partially 
depancreatized rats for periods of 3 and 4 
weeks. Increased amounts of glucose were 
excreted during the injection of epinephrine. 

Methods. Male rats of the Sprague-Dawley 
strain were maintained on Archer Dog Pellets 
until they were partially depancreatized at a 
weight of 275 to 280 g. Depancreatized rats 
and unoperated rats were thereafter force-fed 
a medium carbohydrate diet(1) by stomach 
tube each morning (8:30 a.m.) and afternoon 
(4:15 to 5:00 p.m.). Each 24-hour dose of 
epinephrine hydrochloride (Upjohn) was con- 


tained in 1 ml of physiological saline with 1 
mg of ascorbic acid added as an antioxidant. 
The control rats received an equal amount of 
saline and ascorbic acid. Each rat was placed 
in a metabolism cage which restricted its ac- 
tivity so that the animal was unable to reverse 
its position. A 21-gauge needle, having a 
small barb attached to its shank to prevent its 
withdrawal, was placed subcutaneously. Sterile 
needles were used for replacement every 48 
hours. The solutions were administered to 6 
rats simultaneously by a continuous injection 
machine. Three of the 6 rats received epineph- 
rine and 3 received control injections. The 
room temperature was 74° to 78°F. Urine 
was collected at the same hour (8:00 to 8:30 
a.m.) each day for the quantitative determina- 
tion of glucose(2). 

Experiments and results. Exp. 1 (Fig. 1) 
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FIG. 1. Urinary glucose of normal rats with and 
without epinephrine. Avg for 6 rats/group. 
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FIG. 2. Effect of epinephrine upon urinary glucose 
of 6 partially depancreatized rats without spon- 
taneous glycosuria. Individual values. 


involved 12 normal rats. Following a control 
period of 7 days, each of 6 rats received daily 
200 yg of epinephrine for 7 days, 500 pg for 
7 days and 1000 pg for 7 days, followed by a 
second control period for 7 days. The 6 con- 
trol rats simultaneously received 1 ml of saline 
per rat daily for 21 days. All of the rats ex- 
creted small amounts of reducing substances 
during the control periods. During the injec- 
tion of epinephrine there was a sharp but small 
rise in the excretion of reducing substances 
which tended to abate during the continued 
administration of that dose until the increase 
in dosage caused a small and temporary rise. 
When the injection of epinephrine was stopped, 
the excretion of reducing substances fell to 
control levels. 

Exp. 2 (Fig. 2) involved 6 partially depan- 
creatized rats which did not excrete more than 
100 mg of reducing substances per rat per day 
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during the control periods. Epinephrine was 
administered in doses per rat per day of 250, 
500, 1000, and 2000 pg for 7 days per dose. 
Each rat excreted significant amounts of glu- 
cose on several days during the injection of 
epinephrine.. The glycosuria tended to occur 
within 24 to 48 hours after the beginning of 
injections or upon an increase in dosage. Four 
of the rats died during the administration of 
2000 »g of epinephrine daily. 

Exp. 3 (Fig. 3) involved 18 mildly diabetic 
rats. Following an initial control period of 7 
days, each of 9 rats received daily 200 yg of 
epinephrine for 7 days, 500 wg for 7 days and 
1000 wg for 7 days. There followed a second — 
control period of 7 days. The 9 control rats 
each received 1 ml of saline daily during the 
21-day injection period. During the injection 
of 200 wg of epinephrine per rat per day there 
was a temporary increase in glycosuria, there 
was a slight rise when the dose was increased 
to 500 pg daily and a more striking but tem- 
porary rise when the dose was increased to 
1000 wg daily. When the injections were 
stopped, the glycosuria decreased to values 
similar to those of the control animals which 
had shown a gradual decrease in glycosuria. 

Discussion. In acute experiments epineph- 
rine stimulates hepatic glycogenolysis. This 
is not the only effect of epinephrine upon car- 
bohydrate metabolism for it inhibits glucose 
tolerance in the liverless rat(3), and there is 
other evidence(4) that it affects the peripheral 
distribution and utilization of carbohydrate. 
In partially depancreatized rats, epinephrine 
can cause the excretion of more glucose than 
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FIG. 3. Urinary glucose of mildly diabetic rats 

with and without epinephrine. Avg for 9 rats per 

group. 
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is present in liver at any one time. Rats with- 
out. spontaneous glycosuria (Exp. 2, Fig. 2) 
excreted up to 3 g of glucose during a 24-hour 
period. If this temporary exacerbation of 
diabetes is due to an effect of epinephrine upon 
liver; it must be described in terms of changes 
in turn-over rather than as a single discharge 
of glucose from liver. The maximum gly- 
cosuria usually occurred on the 2nd day 
after beginning the continuous injection of 
epinephrine. 

The possibility that epinephrine stimulates 
the adrenal cortices to secrete diabetogenic 
amounts of cortical hormones can be con- 
sidered. Large doses of epinephrine can stimu- 
late the adrenal cortices via the increased re- 
lease of corticotropin in acute experiments(5), 
but there is no satisfactory evidence known to 
the authors that a true state of hypercortical- 
ism can be induced by epinephrine. 

The largest dose of epinephrine used in this 
study, 1000 ug per day, is near the maximum 
that can be tolerated by the rat. When the 
dose was doubled, as in Exp. 2, some of the 
rats died. In preliminary studies it was found 
that either a dose of 500 or 1000 yg of epineph- 
rine per rat per day would cause death in some 
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animals unless the animals were first adapted 
to a smaller dose. 


Summary. Epinephrine was administered 
to normal and to partially depancreatized — 
force-fed rats by continuous subcutaneous in- 
jection for periods of 3 and 4 weeks. Simul- | 
taneously the control animals were injected 
with saline. Increased amounts of glucose 
were excreted by both normal and partially 
depancreatized rats during the injection of 
epinephrine. The peak response occurred on 
the second day after starting the injection of 
epinephrine or increasing the dose. All of the 
animals showed adaptation to epinephrine so 
that the peak response was not sustained. 
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Enzymatic Evidence for Intrinsic Oxytocie Activity of the Pressor- 


Antidiuretic Hormone. 


(20559) 


H. CiairE LAWLER AND VINCENT DU VIGNEAUD.* 
From the Department of Biochemistry, Cornell University Medical College, New York City. 


Until recently there has been uncertainty 
as to whether the oxytocic activity of vaso- 
pressin preparations was due to contamination 
of the preparations with oxytocin or to an 
intrinsic oxytocic activity of the pressor- 
antidiuretic hormone. Evidence for the latter 
explanation was afforded by the work of 
Popenoe, Pierce, du Vigneaud, and van Dyke 


* The authors wish to express their appreciation 
to the Lederle Laboratories Division, American 
Cyanamid Co., for a research grant which has aided 
greatly in this investigation, and to thank Parke, 
Davis and Co., and Armour and Co. for gifts of 
posterior pituitary material used in. the preparation 
of the arginine- and _ lysine-vasopressin. 


(1). They found that the most highly puri- 
fied arginine-vasopressin prepared in this 
laboratory possessed approximately 600 pres- 
sor units per mg by the arterial blood pressure 
method in cats and an oxytocic activity of 
80-90 units per mg by the method of Coon(2), 
based on the lowering of the blood pressure 
of the fowl, and 30 units per mg by the rat 
uterus method.t On the other hand, a highly 
purified oxytocin preparation(3) possessing 


+ Coon(2) found that when the pressor-oxytocic 
ratio of a pituitary solution was above 2.5. the 
oxytocic assay value obtained by the depressor 
method was higher than that obtained by the suinea 
pig uteriné method. Sse 
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an oxytocic potency of 500 units per mg had 
no effect on the arterial blood pressure of 
cats and less than 0.5 unit per mg of anti- 
diuretic activity in the diabetes insipidus 
dog(1). 

Analytical studies indicated that the vaso- 
pressin preparation mentioned could not have 
been contaminated with sufficient oxytocin to 
account for the oxytocic activity. Previously 
it had been shown that oxytocin was a poly- 
peptide containing leucine, isoleucine, tyro- 
sine, proline, glutamic acid, aspartic acid, 
glycine, cystine, and ammonia. Analysis of 
this vasopressin preparation by starch column 
chromatography(4) yielded phenylalanine, 
tyrosine, proline, glutamic acid, aspartic acid, 
glycine, arginine, cystine, and ammonia, but 
no detectable leucine or isoleucine. It was 
therefore concluded that vasopressin possessed 
intrinsic oxytocic activity. Additional sup- 
port of this conclusion has come from zone 
electrophoresis studies reported by Taylor, 
du Vigneaud, and Kunkel(5). After the es- 
_ tablishment of the isoelectric point and the 
mobility of oxytocin and vasopressin it became 
obvious that if purified oxytocin and vaso- 
pressin were mixed together, one ought to 
obtain 2 oxytocin peaks and one vasopressin 
peak with one of the oxytocin peaks coincid- 
ing with the pressor peak if the pressor ma- 
terial actually possessed oxytocic activity. 
The prediction was borne out by such a study. 
A third line of evidence for the intrinsic oxy- 
tocic activity of vasopressin is presented in 
this paper. The enzyme, trypsin, had been 
shown by Croxatto and Croxatto(6) and by 
prelirninary studies on highly purified material 
in this laboratory+ to destroy the pressor 
activity of vasopressin preparations but not 
the oxytocic activity of oxytocin preparations. 
A study of the effect of trypsin on the oxytocic 
and pressor activity of an arginine-vasopressin 
preparation free of leucine and isoleucine and 
of a lysine-vasopressin preparation was there- 
fore undertaken. Control studies were made 
of the enzyme action on oxytocin. 


In agreement with the earlier work, the 
oxytocic activity of oxytocin was not de- 


¢ Taylor, S. P., and du Vigneaud, V., unpub- 
lished data. 
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stroyed by trypsin but the pressor activity of 
vasopressin was destroyed. However, the 
present work shows that the oxytocic activity 
of arginine-vasopressin in contrast to the oxy- 
tocic activity of oxytocin is destroyed by 
trypsin. Thus additional, convincing proof 
that the oxytocic activity of vasopressin is 
not due to oxytocin and that vasopressin has 
intrinsic oxytocic activity is offered. The 
study of lysine-vasopressin gave parallel re- 
sults. Undoubtedly the basic amino acids 
present in the vasopressin preparations make 
these hormones susceptible to an enzymatic 
attack to which oxytocin is resistant. 


Experimental. Pressor and oxytocic activi- 
ties reported in this study were based on 
assays standardized by reference to the U.S.P. 
Posterior Pituitary Standard. Oxytocic as- 
says were performed according to the chicken 
depressor method of Coon(2). Pressor assays 
were obtained by measurements of the arterial 
blood pressure response of cats anesthetized 
with sodium phenobarbital. Arginine-vaso- 
pressin was prepared from bovine posterior 
powder by the method already described(7). 
It possessed 390 units per mg of pressor 
activity and 54 units per mg of oxytocic ac- 
tivity by the chicken depressor assay. The 
preparation was free of leucine and isoleucine. 

Forty-five mg of the arginine-vasopressin 
preparation and 1.8 mg of trypsin’ were dis- 
solved in 5 ml of water and adjusted to pH 7 
with NaHCO;. The mixture was incubated 
at 38°C for 5.5 hours. Assays before and 
after incubation showed that there was an 
almost complete loss of pressor and of oxytocic 
activity. It was apparent that the enzymatic 
degradation of the vasopressin preparation 
had resulted in a destruction of both pharma- 
cological properties. Control studies of the 
effect of trypsin on oxytocin demonstrated 
that the oxytocic activity was not destroyed 
and thereby substantiated the above con- 
clusion. 

The effect of trypsin on lysine-vasopressin 
which had been prepared from hog glands(8) 
was also investigated. The initial activity of 


§ Crystalline trypsin containing approximately 
50% Mg SO, was obtained from the Worthington 
Biochemical Laboratory, Freehold, N. J. 
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the preparation was found to possess approxi- 
mately 175 pressor units per mg, 30 oxytocic 
units per mg by the chicken depressor method, 
and 9 oxytocic units per mg by the rat uterus 
method. After the incubation with trypsin 
there was a destruction of the oxytocic as well 
as the pressor activities of the lysine-vaso- 
pressin. 

Summary. 1. It has been shown that 
trypsin had no effect on the activity of oxy- 
tocin but destroyed both the pressor and 
oxytocic activities of arginine-vasopressin. 
These conclusions offer enzymatic evidence, 
in addition to the evidence already obtained 
from analytical and electrophoretic studies, 
for the inherent oxytocic activity of arginine- 
vasopressin. 2. It has also been demonstrated 
that a lysine-vasopressin preparation possessed 
oxytocic activity and that this activity was 
destroyed with the pressor activity by trypsin. 

The authors wish to express their appreciation for 
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The mechanism of the alloxan-induced ini- 
tial fluctuations of the blood sugar is not yet 
clearly understood. Two alternate hypotheses 
have been offered to explain the alloxan hypo- 
glycemia. A pancreatic origin seemed to be 
implied mainly by the observations that the 
hypoglycemia is a) preceded by histological 
evidence of Beta cell degeneration(1), and b) 
absent in animals who were previously depan- 
creatized or made diabetic by alloxan or whose 
pancreatic blood supply is occluded temporar- 
ily while alloxan is injected intravenously 
(2,3). It appeared from this evidence that 
the transitory hypoglycemia was the result of 
endogenous insulin leaking from the disinte- 
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grating beta cells. This interpretation was 
challenged, however, when it was found that — 

a) alloxan hypoglycemia could still be induced 
in freshly depancreatized dogs at least in some 
instances(4-6), and b) the insulin content of 
the pancreatic islets does not decrease until 
several hours after the onset of the hypogly- 
cemic phase(6). Therefore, an extrapancreatic 
—probably hepatic-origin of the alloxan hypo- 
glycemia was postulated(7,8). A direct effect 
of alloxan on the liver of the frog was demon- 
strated by Houssay and Gershman(9) in per- 
fusion experiments where alloxan was found to. 
inhibit glycogenolysis. Decrease of the spon- 
taneous glycogenolysis was also shown by 
Kepinov(10) in the isolated and perfused rat 
liver. Weber(11) presented evidence that 
alloxan diabetic rabbits are able to store more 
glycogen in the liver after glucose feeding than 
normal animals. Other investigators using 


ALLOXAN ACTION ON FrocG LIvER 


various approaches have failed, however, to. 


confirm such direct hepatic action of alloxan 
(12-14). Recently we have carried out a 
series of experiments with perfusion of the 
isolated liver of the bull frog and have been 
able to demonstrate that alloxan significantly 
inhibits both the spontaneous and the 
adrenalin induced glycogenolysis. 


Material and methods. The liver prepara- 
tion for perfusion was set up according to the 
original description by Froehlich and Pollak 
(15) and the modification as to rate of flow 
and to pressure by Geiger and Loewi(16). 
Bull frogs—rana catesbeiana—of 200-250 g 
weight, were used and kept in hibernating con- 
dition at 4°C. The animals were killed by 
decapitation without use of an anesthetic. The 
liver was removed while preserving the ab- 
dominal vein and the venous sinuses; it was 
placed on a wire gauze plate on a tripod under 
which a small collecting beaker was placed. 
The perfusion system consisted of 2 funnels 
connected by rubber tubings with a 3-way stop 
cock, the third rubber tubing being mounted 
with a No. 26 needle. This needle was in- 
serted into the abdominal vein and secured by 
ligation. The perfusate passed through this 
system and the liver with constant pressure 
so that 5-7 drops per minute were collected 
from the venous sinuses. Amphibian Ringer 
solution(17) (NaCl 0.66, KCl 0.015, CaCl 
0.015, Na HCO3-Ph 7.8, aqu. dest. ad 100) 
and amphibian Ringer-Glucose solution which 
contained 200 mg% glucose were used as per- 
fusates and placed into either of the 2 funnels. 
Where oxygenated solutions were employed 
saturation was maintained by bubbling Os: 
through the perfusate in the funnel. When the 
effects of alloxan or adrenalin were studied, 
the material was injected directly into the 
rubber tubing near the abdominal vein. The 
preparation of the livers for perfusion was 
completed within 5 minutes. The perfusion 
experiments were carried out at room tem- 
perature over periods of 3 hours, during which 
time the livers appeared healthy and main- 
tained almost normal color and consistency. 
The organs were weighed before and after the 
experiment; a gain of about 10% of the 
original wet weight was noted in most experi- 
ments, due to retention of perfusate. 


TABLE I. Effect of Perfusion with Amphibious Ringer Solutions without Oxygen, with Oxygen and with the Addition of 200 mg % Glucose on Glyco- 


genolysis of the Surviving Liver of the Bull Frog. 
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) of the perfusate collected from the liver during periods of 10 minutes. 


* After 40 min. the perfusate was changed to oxygenated amphibious Ringer-glucose sol. 


Each figure represents the glucose concentration (mg % 
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TABLE II. Effect of Alloxan upon Glycogenolysis of Isolated Liver of the Bull Frog 
Perfused with Ringer Solution without Oxygen. 
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* Indicates time when 10 mg alloxan were inj. into perfusate. 
Each figure represents the glucose concentration (mg %) of the perfusate collected from the 


liver during periods of 10 minutes. 


An initial period of perfusion with amphibi- 
ous Ringer solution served to wash out any 
free blood and blood glucose. After 20’ to 30’ 
the fluid usually returned water-clear and 
sugar-free; then the specific experiment was 
started. The perfusate was collected at 10’ 
or 20’ intervals. The glucose determinations 
were done with the Nelson modification of the 
Folin-Wu Micro method(18). 

Results. A) Ima first series of experiments 
the spontaneous glycogenolysis of the isolated 
and perfused liver was studied, using as per- 
fusates a) non-oxygenated, b) oxygenated 
amphibious Ringer solution and c) oxygenated 
amphibious Ringer-Glucose solution. 

Table I represents the results of 2 experi- 
ments each. It can be seen that during an 
initial period of not more than 30’ decreasing 
amounts of glucose are obtained. During this 
time the perfusate is blood tinged and the glu- 
cose undoubtedly originates from the blood 
which is washed out. Afterwards the per- 
fusate returns sugar-free for various periods of 
time. If non-oxygenated perfusion fluid is 
used (Exp. 1 and 2) glucose reappears in the 
perfusate about 30’ later and reaches a rela- 
tively stable level which is maintained for 2 
to 3 hours. With the vascular tree now free 
of blood, this glucose must originate from the 
liver parenchyma and is evidence of spon- 
taneous glycogenolysis. If Os is added to the 
perfusate the collected fluid remains practi- 
cally free of glucose for the duration of the 
experiment, i.e., 3 hours, indicating that with 
oxygen supply spontaneous glycogenolysis 
does not occur (Exp. 3 and 4). A glucose- 
Ringer solution saturated with O» returns 
from the liver with essentially unaltered sugar 
content (200 mg %) indicating that under 


these conditions neither glycogenolysis nor 
glycogenesis occurs unless both processes pro- 
ceed at identical rates so as not to be notice- 
able from determinations of sugar-intake and 
output (Exp. 5 and 6). | 


B) The second group of experiments was 
undertaken to test the effect of a standard dose 
of alloxan (10 mg) on the spontaneous glyco- 
genolysis of the surviving frog liver perfused 
with non-oxygenated amphibious Ringer solu- — 
tion. The liver was perfused for a period of 
90 minutes before alloxan was injected. This 
initial period served not only to wash out any ~ 
extraneous blood but also permitted the onset 
of spontaneous glycogenolysis. 


Table II demonstrates that after the ad- 
ministration of alloxan the glucose content of 
the perfusate begins to decrease gradually 
until it finally disappears entirely. This in- 
hibition of the spontaneous glycogenolysis is 
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FIG. 1. a) Spontaneous glyeogenolysis of isolated 
liver of bull frog perfused with amphibious Ringer 
solution without oxygen. b) Effect *of alloxan on 
spontaneous glycogenolysis of isolated liver of bull 
frog perfused with amphibious Ringer solution 
without oxygen. 
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loxan (10 mg) on isolated liver of bull frog per- 

fused with oxygenated amphibious Ringer-glucose 

solution (200 mg %). During first 40 min. the 

liver is perfused with oxygenated Ringer solution 
without glucose. 


noticed as early as 10’ after alloxan adminis- 
tration and lasts for more than one hour. Its 
reversibility cannot be deduced from the ex- 
periments presented since these were termin- 
ated while the inhibition persisted. Fig. 1 
demonstrates graphically the spontaneous gly- 
cogenolysis of the perfused liver (a) and its 
inhibition by alloxan (b). 

If alloxan is added to an oxygenated per- 
fusate which, as shown, delays spontaneous 
glycogenolysis no evidence of its effect can be 
obtained. This is demonstrated in the fol- 
lowing experiment (Fig. 2) where an oxy- 
genated glucose containing perfusate was used. 
Fig. 2 shows that the amount of glucose re- 
covered from the returning perfusion fluid was 
the same without (a) and with (b) alloxan 
administration. Fig. 2c shows in comparison 
the increase of the glucose return after adrenal- 
in injection. 

C) We now proceeded to investigate the ef- 
fect of alloxan on the adrenalin-induced glyco- 
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genolysis. The following experiments were car- 
ried out: a) adrenalin 1:1,000,000 was injec- 
ted into the abdominal vein 60’ after perfusion 
with oxygenated amphibious Ringer solution 
had been started. This resulted in the appear- 
ance of a significant amount of glucose in the 
returning perfusate for a period of 40’ to 60’. 
Afterwards the perfusate became again sugar- 
free. b) The administration of the same dose 
of adrenalin was followed after 20’ by an in- 
jection of 10 mg alloxan (1 cc of 1% solution 
in Ringer). The adrenalin glycogenolysis was 
not affected by this subsequent administration 
of alloxan. c) The same doses of adrenalin 
and alloxan were injected simultaneously. Glu- 
cose failed to appear in the returning perfusate. 
d) Alloxan administration preceded the injec- 
tion of adrenalin. This experiment was car- 
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FIG. 3. a-c) Effect of adrenalin (1:1000000) and 
alloxan (10 mg) upon glycogenolysis. of isolated 
liver of bull frog perfused with oxygenated Ringer 
solution. 

a) Adrenalin-glycogenolysis. b) Alloxan admin- 
istered 20’ after adrenalin does not affect adrenalin 
glycogenolysis. ¢) Alloxan administered simultan- 
eously with adrenalin prevents adrenalin glycdgen- 
olysis. d) Alloxan inhibits spontaneous glycogen- 
olysis and prevents adrenalin glycogenolysis in 
isolated liver of bull frog perfused with amphibian 
Ringer solution without oxygen. 
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ried out with non-oxygenated Ringer solution 
in order to demonstrate the alloxan inhibition 
of the spontaneous glycogenolysis. Adrenalin 
failed to reinduce glycogenolysis. . Represen- 
tative curves of these 4 types of experiments 
are shown in Fig. 3. 

Discussion. Our finding that alloxan in- 
hibits the spontaneous glycogenolysis as well 
as the adrenalin induced glycogenolysis of the 
perfused frog liver is in full agreement with 
the observations of Houssay and Gershman 
(9). The failure of Brunfeldt and Iversen 
(13) to obtain similar results rests probably 
in their technic. They apparently perfused 
under too great pressure and observed “‘rapid- 
ly occurring changes in the appearance of the 
liver and violent edematization.” The differ- 
ence. between our findings and those of 
Kepinov(10) is a quantitative one only. In 
his experiments the inhibition of the spon- 
taneous glycogenolysis was only partial and 
far shorter lasting than in ours. It is most 
likely that this can be explained as a species 
difference since he worked with the liver of a 
warm blooded animal. 

The demonstration of an extrapancreatic 
effect of alloxan on carbohydrate metabolism 
is undoubtedly of significance for its diabeto- 
genic action and particularly for the mechan- 
ism of the initial fluctuation of the blood sugar. 
It tends to weaken the evidence for the 
pancreatic origin of alloxan hypoglycemia. 
Whether the inhibition of hepatic glycogenoly- 
sis is its sole or a contributing cause will have 
to wait for further investigation. From the 
presented evidence the alloxan effect upon the 
liver appears to be an immediate one; the 
secondary hypoglycemic phase, on the other 
hand, becomes manifest not before 3 or 4 
hours after alloxan administration. This time 
interval may be required until changes in 
liver metabolism reflect themselves in the 
periphery; yet, during this same period one 
usually observes a transitory hyperglycemic 
phase which has been considered by some to 
be due to adrenal stimulation(3,19). The 
finding that alloxan inhibits adrenalin glyco- 
genolysis, however, tends to eliminate this 
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mechanism as its cause. 

Thus the acceptance of an hepatic origin of 
the alloxan hypoglycemia, far from solving 
the problem, opens again the question of the 
origin of the initial hyperglycemia. 

Summary. 1. The technic for perfusion of 
the liver of the bull frog is described. 2. Al- — 
loxan inhibits the spontaneous glycogenolysis 
of the perfused liver. 3. Adrenalin glyco- 
genolysis is inhibited by alloxan if given previ- 
ously or simultaneously. 4. The significance 
of these findings for the alloxan-induced blood 
sugar fluctuations is discussed. 
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The Electrocardiogram of the Normal Dog.* 


TBE 


(20561) 


SEyMouR A. Horwitz, Manus R. SPANIER, AND HAroLp C. WIGGERS. 
From the Department of Physiology of Albany Medical College, Union University, Albany, N. Y. 


In the course of investigating cardiovascular 
changes produced by ventricular puncture in 
unanesthetized laboratory dogs, it became 
desirable to follow the electrocardiographic 
patterns over a period of time. For this 
purpose it was necessary to have a normal 
range of values against which to compare the 
variations found in order to determine whether 
they were significant. It was also essential 
to know whether the electrocardiograms from 
a single dog showed changes over a period 
of time under normal conditions, and _ if 
changes occurred the number of readings re- 
quired on a dog to determine normality would 
have to be known. Search of the literature 
revealed no satisfactory criteria. 

Smith(1) studied 66 dogs prior to ligation 
of the coronary arteries. The dogs were anes- 
- thetized and in an unstated position. Only 
standard limb leads were taken. No attempt 
at detailed analysis was made but it was stated 
the tracings were “fairly constant in conforma- 
tion” and in the majority of cases the R wave 
in lead I was small, the T wave was small in 
all leads and not. infrequently negative. 
Barnes and Mann(2) studied standard leads 
of normal unanesthetized dogs in an unstated 
position prior to coronary artery ligation and 
reported an extreme variation in T waves. 
No actual figures were made available. Katz 
et al.(3) studied serial electrocardiograms of 
standard leads on 3 normal dogs: trained, un- 
anesthetized and on their right side. No data 
were presented but it was stated the tracings 
showed irregular fluctuations in form involv- 
ing changes in amplitude and direction of all 
complexes, especially the T wave. These 
variations were neither progressive nor related 
to environmental factors and were considered 
normal, due to changes in the position of the 
heart. Harris and Hussey(4) studied electro- 


* The authors are indebted to Miss Shirley J. 
Hodgins for help in the collection of material, and 
to Mrs. Frances B. Locke for her invaluable assis- 
tance in the statistical analysis of the data. 


cardiograms on 50 dogs in a control study 
prior to coronary artery ligation. The dogs 
were anesthetized with intraperitoneal amytal 
and were in an unstated position. No figures 
were presented but the authors report an 
“extreme variability of the so-called normal 
tracing.” Lalick et al.(5) reported on 218 
standard limb lead tracings on 24 normal 
trained unanesthetized dogs taken on either 
right or left side. Five dogs were examined | 
on both sides. No detailed analysis of the 
tracings was made but it was reported that 
P waves showed changes in amplitude and 
direction in the same lead, that T waves were 
variable in amplitude and direction, and that 
changes in amplitude or disappearance of Q 
and S waves occurred. Even though varia- 
tions occurred in various complexes in differ- 
ent animals the authors believed each dog’s 
records were characteristic for that animal. 
Finally Petersen and colleagues(6) set up de- 
tailed criteria for standard and augmented 
unipolar limb leads for normal young beagle 
dogs untrained and unanesthetized in the 
supine position. Tracings were repeated in 
the same animal once in 4 instances, twice in 
5, and 4 times in one instance. From the 
repeated tracings it was concluded that the 
variations in serial electrocardiograms were 
more marked than in man but not so great as 
to preclude comparison with one another. 
Although Petersen’s study presented a table 
of normal values for comparison, the data 
were accumulated on a single breed and of 
smaller size than used in our laboratory. No 
standard deviation was calculated nor was the 
RS deflection measured nor the P wave except 
in lead II. The number of tracings on a single 
dog was insufficient for statistical analysis. 


This report concerns the detailed analysis 
of 62 electrocardiograms on 30 normal lab- — 
oratory dogs of mongrel breed and indeter- 
minate age. Standard limb leads and aug- 
mented unipolar extremity leads are reported. 
The object of the analysis is to establish a 
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TABLE I. EHlectrocardiographic Standards.* 


Leadst 
i ae III AYR AYL AYE 
Mean allt 27 16 —.20 .02 19 
S.D. 07 .09 Ralak .09 10 lal 
P —Max .40 00 .39 19 .24 45 
Min .05 .03 —.27 —.85 -.16 —.10 
% incidence 100 100 100 100 90 100 
Mean 16 ih als .20 ul malig, 
S.D. 24 ff 2 45 18 14 
Q —Max iLfalis) 89 44 1.89 1.27 .70 
Min 0 0 0 0 0 0 
% incidence 70 97 a 20 43 78 
Mean 1.05 LEY i alah so Al 1.35 
S.D. 08 48 48 .24 40 .00 
R —Max 2.22 3.09 2.43 1.28 1.79 2.52 
Min .20 .30 14 -02 .02 10 
% incidence 100 100 100 100 97 100 
Mean .06 
S.D. alah 
R’ —Max 03 19 24 .39 .38 23 
Min 0 0 0 0 0 0 
% incidence 3 13 10 40 23 13 
Mean .09 .09 sao eo .30 Ly, 
8.D. 14 18 Bul 1.27 107 md bf 
S —Max .80 .79 1.48 2.34 2.58 .67 
Min 0 0 0 0 0 0 
% incidenee 47 60 70 89 67 70 
Mean 1.14 1.92 1.39 1.46 .80 1.54 
S.D. D6 59 45 .68 .66 OL 
R-S—Max 2.62 3.09 2.58 2.85 3.41 2.97 
Min 27 .30 230 .20 0 .24 
% incidence 100 100 100 100 97 100 
Mean .05 18 3 —11 —.04 als 
S.D. his .26 20 20 14 sao 
T —Max 63 74 81 .26 .36 74 
Min —.36 —.27 —.26 —.60 —.40 —.25 
% incidence 100 100 100 100 100 100 
Pp P-R QRS Q-T Heart 
duration interval duration interval Wt rate 
Mean .O7 12 .06 21 17.9 121 
S.D. 02 02 Ou: .02 300 19 
Max 12 ALS .08 .28 32.7 162 
Min .04 .10 .04 16 12.8 72 
* Data from 30 dogs. 
t Amplitudes expressed in millivolts and duration in sec. 
normal range of values for the average labora- presented in Table I. In those instances 


tory dog and to set the number of tracings 
required on a dog to determine normality. 

Method. The animals were trained and 
unanesthetized. All electrocardiograms were 
taken in the supine position. A direct writing 
machine was used. On 3 dogs 10 tracings 
were taken at different times over a period of 
5 months, on one dog 4 tracings, on 2 dogs 
2 tracings. 


Results. The data for the 30 dogs are 


where more than one tracing per dog was done, 
an average was taken of all figures for that 
animal. In Table II are presented the data 
on one of the 3 dogs on whom 10 tracings were 
taken. Table III indicates the direction of 
T wave deflections and the electrocardio- 
graphic position of the heart as defined by 
Wilson e¢ al.(7) for the group dogs and on 
each of the 3 on whom 10 tracings were taken, 
All animals showed a sinus arrhythmia except 
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TABLE IT. Serial Electrocardiographic Readings.* 


Leadst 
aT ime OEE AYR AYT, AYF 
Mean 19 .36 21 “20 .05 28 
S.D. 03 .08 09 .03 03 O07 
P —Max 24 50 39 —19 O7 45 
Min slip 21 .10 —.28 0 19 
% incidence 100 100 100 100 90 100 
Mean oe male 04 .04 
S.D. 238 alls 40 O07 
Q —Max 15 Ay eeu 19 
Min 0 0 0 0 
% incidence 90 80 10 10 90 30 
Mean 94 1.92 1.36 25 .66 1.61 
S.D. .28 12 29 26 AGE 14 
R —Max 1.43 2.10 1.75 .89 90) 1.78 
Min .63 1.73 .85 07 44 1.39 
% incidence 100 100 100 100 100 100 
Mean 
8.D. 
R’ —Max <il5) 
Min 04 
% incidence 0) 0 0 50 0 0 
Mean 30 74 1.19 51 
$.D. 2, 17 46 12 
S —Max 48 93 1.63 67 
Min alle} 36 0 BS) 
% incidence 0) 100 100 90 0 100 
Mean 94 2.22 2.09 ia .66 PAL 
S.D. .28 si .36 59 25 34 
R-S—Max 1.43 2235 2.58 2.58 90 2.97 
Min 63 2.00 iL-Bial 122 44 1S} 
% incidence 100 100 100 100 100 100 
Mean —.10 29 42 —.08 —.22 33 
S.D. 17 27 20 21 14 22 
T —Max 23 .60 81 26 .05 74 
Min —.36 —.25 19 —.28 —.40 26 
% incidence 100 100 100 100 100 100 
ie P-R QRS Q-T Heart 
duration interval duration interval Wt rate 
Mean .06 os} .05 19 18.1 120 
S.D. 01 01 01 On ibe 
Max .08 14 .06 .20 Asya 
Min 04 will .04 18 104 


* Ten consecutive readings on one dog. 


t+ Amplitudes expressed in millivolts and duration in sec. 


for one who demonstrated normal sinus 
rhythm. One of the dogs on whom 10 tracings 
were taken had occasional ventricular prema- 
ture contractions on one electrocardiogram 
and occasional auricular premature contrac- 
tions on another. The S-T segment was iso- 
electric in every instance. 

Smith(1) noted that when the T wave was 
inverted in all leads (standard limb) the mor- 
tality “seemed to be high” within 24 hours 
after operation for ligation of the coronary 


arteries. In our series 3 dogs had inverted 
T waves in all standard leads. One of these 
3 had an upright T in ,Vp and inverted in 
aVy and ,Vy; one had upright T in ,Vp and 
aVz and inverted in ,Vy; the third had 
diphasic T in 4Vp upright in ,Vy, and in- 
verted in 4Vr. 

Lalick(5) observed that in 78% of records 
which demonstrated a Q wave in lead I an 
inverted T; was present. In our series there 
were 22 tracings which showed a Q; of 1 mm 
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TABLE III. Direction of T-Wave Deflections (in %). 


Heart 
positions, * 
iL Ie neler UAE UAB, AIS % 

Group control Upright 60 70 70 23 30 70 Solis 33 
dogs Inverted 3 27 30 66 63 23 iT, 33 
Diphasiec aif 3 0 10 3 ff S.V. 63 

Ginger Upright 10 100 100 10 10 80 S.H. 90 
Inverted 70 0 0 70 90 0 Ne 10 

Diphasic 20 0 0 20 0 20 SW a 

Lucky Upright 100 90 40 0 80 60 S.H. 10 
Inverted 0 0 0 90 0 0 I. 10 

Diphasie 0 10 60 10 20 40 S.v. 80 

Sandy Upright 60 80 100 0 10 90 S.H. 90 
Inverted 30 0 0 80 0 0 Le 10 

Diphasic 10 20 0 20 90 10 S.v. 0 

* S.H. — semi-horizontal; I. = intermediate; S.V. = semi-vertical. 


or larger. In 18 of these or 82% an inverted 
T; was present also. Lalick also reported 
that when Q; was greater than 4 mm, over 
90% was followed by an inverted T. In our 
62 tracings 8 demonstrated a Q; greater than 
4 mm and each was followed by an inverted 
T except one, which showed a diphasic T with 
the inverted component first 1.8 mm deep and 
the upright component 0.5 mm high. In 
Lalick’s tracings where an S wave was present 
in lead III it was followed by an upright T 
75% of the time. In our series there were 37 
instances of an Sy of 1 mm or greater, 31 
of these or 84% were followed by an up- 
right T. 


Comment. The best procedure to obtain a 
normal range is to take several readings on 
many dogs. In our series only single read- 
ings were taken on most dogs. Additional 
readings would have made the frequency dis- 
tribution more smooth, but probably would 
not have altered the normal range limits to 
any extent. From a statistical standpoint 
the data obtained are satisfactory to estab- 
lish a normal range. Although the values 
are not normally distributed the normal 
range seems to be adequately described for 
P, R, and T readings by taking the mean 
plus and minus 2.5 standard deviations; this 
will leave 1% of the normal values which will 
fall out of this range. Depending upon the 
desired conservatism other numbers of stand- 
ard deviations might be used. For Q and S 
magnitude where zero values are frequent the 
range is better described by taking zero plus 


a number of standard deviations. For ex- 
ample, to establish a range including 99% of 
the normal values, instead of taking the mean 
plus and minus 2.5 standard deviations, the 
range would be 0 plus 5.4 standard deviations. 
Variations in tracings on the same dog taken 
at different times are as great as among dif- 
ferent dogs. The results of analysis of the 
variance test applied to 10 successive read- 
ings on each of 3 dogs for the value of P; re- 
veals no significant difference between the 
variation found in the same dog and that 
found among the 3 dogs. Because of the 
variation found within the same animal it is 
preferable to use the mean of 3 tracings in 
order to reduce the effect of the occasional 
extreme value. 

Summary. 1. A table of values is pre- 
sented for the electrocardiogram of the 
average normal laboratory dog; trained, un- 
anesthetized, and in the supine position, based 
on data from 62 tracings on 30 dogs. 2. Data 
obtained from 10 serial tracings on each of 
3 dogs indicates a variation within the same 
animal not significantly different from that 
obtaining among different animals. 3. It is 
recommended that to establish the normal 
electrocardiogram of a dog a mean of 3 trac- 
ings taken at different times be used to re- 
duce the effect of the occasional extreme 
value. 
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Peripheral Blood Concentrations of Steroids in Man After Oral 


Administration of 17-Hydroxycorticosterone.* 
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(Introduced by George Sayers. ) 


(With the technical assistance of Marion D. Lipscomb.) 
From the Department of Physiology, Western Reserve University School of Medicine, Cleveland, O. 


Recent developments in chromatographic 
and micro-analytical technics for the resolu- 
tion and quantitation of steroids make possible 
the analysis of corticosteroids in peripheral 
blood of man. A method for analyzing 17- 
' hydrocorticosteroids in peripheral blood has 
been developed by Nelson and Samuels(1). 
They have employed Florosil for resolution 
and a modified phenylhydrazine reaction(2) 
for quantitation of the steroids. The method 
of Sweat(3) utilizes silica gel for resolution 
and sulfuric acid fluorescence for quantitation 
of corticosterone-like steroids and 17-hydroxy- 
corticosterone. In the present study the tech- 
nic of Sweat has been applied to the determina- 
tion of the concentrations of steroids in peri- 
pheral blood of man following the oral ad- 
ministration of a single dose of 17-hydroxy- 
corticosterone. 


Methods. Eight normal adult males were 
subjects for this study. Immediately follow- 
ing withdrawal of a control blood sample, 6 
of the subjects received 50 mg of 17-hydroxy- 
corticosterone (Hydrocortisone, Merck) oral- 
ly; blood samples were collected at various 
time intervals thereafter for steroid analysis. 
In control subjects, blood samples were col- 


* This investigation was supported by a research 
grant from the National Institute of Arthritis and 
Metabolic Diseases of the National Institutes of 
Health, Public Health Service. 

+ Present address: Boston City Hospital, Boston, 
Mass. 


lected and analyzed, but no hormone was 
given. Twenty ml of blood were drawn from 
an antecubital vein, mixed with 1% ml of 
heparin and centrifuged. Ten ml of separated 
plasma were analyzed for steroid content. 
The method employed for analysis of corti- 
costerone-like steroids and 17-hydroxycorti- 
costerone in plasma was that developed by 
Sweat. In brief, this method consists of a) 
extraction of the plasma sample with 10 
volumes of chloroform, b) fractionation of 
the dried chloroform extract between 70% 
ethanol and petroleum ether and c) resolution 
on a Silica-gel column by elution with mix- 
tures of ethanol and chloroform in various 
ratios. The resolved steroids were quanti- 
tated by the degree of fluorescence developed 
in concentrated sulfuric acid. Recovery 
studies have shown that approximately 95% 
of 17-hydroxycorticosterone and 80% of 
corticosterone added to plasma are resolved 
and recovered by this technic. 


Results. The individual values obtained 
for the concentration of 17-hydroxycorticos- 
terone are plotted in Fig. 1. Curve A is a line 
of best fit based on results obtained in 5 indi- 
viduals who received 50 mg of 17-hydroxy- . 
corticosterone orally. A significant increase 
in plasma concentration of the hormone oc- 
curred 15 minutes following its administra- 
tion. The peak concentration was attained 
between 45 and 60 minutes; normal values 
were reached between 4 and 6 hours. Curve 
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FIG. 1. Plasma concentrations of 17-hydroxycorti- 
costerone in peripheral blood of humans. Curves A 
and B represent subjects who received 50 mg of 
17-hydroxyeorticosterone orally. Curve C repre- 
sents control subjects who received no hormone. 


B represents the concentrations of 17-hydroxy- 
corticosterone in a subject who received 50 
mg of 17-hydroxycorticosterone orally and 
whose pattern of response appeared to be quite 
distinct from that of the other 5 subjects. Re- 
sults obtained from the two control subjects 
are represented by curve C. During the 4 
hours of collection there was no significant 
change in plasma concentration of 17-hydroxy- 
corticosterone in these 2 individuals. 
Analyses for the corticosterone-like steroids 
present in human plasma were run simultane- 
ously with the 17-hydroxycorticosterone de- 
terminations. In the 6 test subjects the con- 
trol values for the corticosterone-like steroids 
were between 2.5 and 5.9 yg per 100 ml of 
plasma. Following the oral administration of 
17-hydroxycorticosterone to these individuals, 
no significant increase in the plasma concen- 
tration of the corticosterone-like steroids oc- 
curred. No significant change occurred in 
the concentration of this fraction in the con- 
trol subjects during a 4-hour collection period. 
Discussion. The method of Sweat for blood 
steroid analysis effectively resolves corticos- 
terone-like steroids and 17-hydroxycorticoster- 
one on a silica-gel column. A number of evi- 
dences have been accumulated(4) which 
strongly suggest that the more polar fraction 
which fluoresces is 17-hydroxycorticosterone. 
Other evidences suggest that the material 
which chromatographs in the corticosterone 
region and which fluoresces consists of corti- 
costerone and possibly other steroids. Nelson 
et al.(5) have reported blood levels of 17- 
hydroxycorticosteroids in humans following 
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the oral administration of 50 mg of 17-hy- 
droxycorticosterone acetate. In general, the 
time pattern of increase and decrease of blood 
steroid concentrations obtained by these 
authors appears to be in essential agreement 
with the data presented in this paper. 

In 5 of 6 individuals given 17-hydroxycorti- 
costerone in the present study, there was a 
rapid increase in plasma concentration of this 
steroid with maximal levels being attained 
45 to 60 minutes following its oral administra- 
tion. No significant elevation in plasma 
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steroid concentration could be detected after _ 


4 hours. When 17-hydroxycorticosterone is 
given orally frequent administration is neces- 
sary for maintenance of elevated plasma con- 
centrations. In a single individual given oral 
17-hydroxycorticosterone (curve B, Fig. 1), 
a slower increase in plasma concentration of 
this steroid was observed with the maximal 
level occurring between 1.5 and 4 hours. 
These results can best be explained by delayed 
absorption of the steroid. If the major absorp- 
tion pathway is via the hepatic portal venous 
system, results obtained in this study would 
imply that an appreciable fraction of orally 
administered 17-hydroxycorticosterone passes 
through the liver without structural alteration. 
The possibility exists that 17-hydroxycorticos- 
terone passes from the gastro-intestinal tract 
into the blood stream by way of the lymphatic 
system. However, Dull(6), in preliminary 
studies, has been unable to detect cortisone 
in thoracic duct lymph subsequent to the 
introduction of the steroid into the intestinal 
tract of the dog. 


Summary. A method which measures blood 
concentrations of corticosterone-like steroids 
and 17-hydroxycorticosterone has been em- 
ployed to determine the plasma concentrations 
of these steroids in humans following a single 
oral dose of 17-hydroxycorticosterone. A 
rapid increase in plasma concentration of this 
steroid occurred in 5 of 6 subjects; maximal 
levels were attained between 45 and 60 min- 
utes after administration. The plasma con- 
centration of this steroid decreased rapidly 
thereafter, reaching normal values between 
4 and 6 hours. No significant elevation in 
plasma concentration of the corticosterone- 
like steroids could be detected following the 


THYROIDECTOMY AND ADRENAL WEIGHT 


oral administration of 17-hydroxycorticoster- 
one. 
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Effect of Thyroidectomy on Adrenal Weight in Adult Male Rats. (20563) 


MELVIN Hess. (Introduced by James A. Miller.) 


From the Department of Anatomy, Emory University School of Medicine, Georgia. 


There has been some discrepancy in the 
literature concerning the effect of thyroid de- 
ficiency (affected by thyroidectomy or the 
administration of goitrogens) on adrenal 
weight. Leblond and Hoff(1) noted a de- 
crease in the size of the adrenals in rats re- 
ceiving goitrogenic sulfonamide drugs or 
thiouracil. This was confirmed by Baumann 
and Marine(2) when they noted involution of 
the adrenals to half their former size in rats 
fed thiouracil for 4 months. Zarrow and 
Money(3) have shown that after 6 weeks or 
more of thyroid deficiency there is a relative 
as well as an absolute loss of adrenal weight. 
Freedman and Gordon(4) reported that 
thiouracil treatment and thyroidectomy in rats 
results in adrenal atrophy. On the other 
hand, Winter and Emery(5) reported that, in 
rats, thyroidectomy per se does not appre- 
ciably influence the size of the adrenals, nor 
does it affect the degree of compensatory ad- 
renal hypertrophy as compared with intact 
animals. Morris(6) reported that after treat- 
ment with thiouracil or thyroidectomy the 
cockerel shows a marked adrenal hypertrophy, 
particularly when adrenal weights are calcu- 
lated on a relative weight basis. The adrenals 
of young, thyroidectomized rats were found to 
be similar in weight to those of intact animals 
when calculated on a relative basis(7). The 
administration of the goitrogen p-aminosali- 
cylic acid to rats was without effect on adrenal 
weight(8). .The use of Amphenone “B”, 
which inhibits the incorporation of radioiodine 
into thyroid protein as effectively as propyl- 


thiouracil, produced an adrenal enlargement 
in rats(9). 

Since thyroid deficiency in the young grow- 
ing animal results in the retardation of body 
growth, the adrenal atrophy of hypothyroid- 
ism cited by some investigators may be a 
reflection of the reduced body weight. This 
study was designed with that problem in mind. 
To rule out the effect of thyroid deficiency on 
growth, adult, fully grown (‘“‘plateaued”’) rats 
were utilized. 

Methods. Male rats of the Holtzman strain 
were used throughout this study. Animals 
were made thyroid deficient by total thyroid- 
parathyroidectomy at an age of 5% months, 
and together with controls, permitted to take 
Purina Laboratory Chow pellets and tap 
water ad libitum for an additional 2 months, 
At autopsy, organs were weighed on a torsion 
balance and the pituitary and adrenal glands 
saved for histological study. 

Results. Although all of the animals had 
reached a “plateau” in their growth curves, 
there is still a small, but significant, difference 
in the body weights of thyroidectomized rats 
compared with their controls. The thyroidec- 
tomized animals weighed about 34 g less than 
the unoperated ones (Table I). Even with 
this difference in body weight, the absolute 
weight of the right adrenals of the thyroidec- 
tomized rats did not differ significantly from 
that of the intact animals. Neither left nor 
right adrenal glands showed any difference 
in relative weights between the 2 groups 
(Table I). There is, however, a significant 
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ectomized rats are just as responsive to ACTH 
as a normal gland(7,13). 

There is no reason to assume atrophy of 
the adrenal of a thyroid deficient animal on 
the basis of a decreased ACTH secretion 
from the pituitary gland. Both Halmi and 
Bogdanove(14) and Hess and Finerty(7) 
found no significant difference in ACTH con- 
tent of intact and thyroidectomized rat pitui- 
tary glands. 

If thyroid deficiency causes adrenal atruphy, 
there should be some indication of adrenal 
hypofunction. However, such is not the 
case. It has been reported that adrenal de- 
ficient rats have larger preputial glands(15). 
On the basis of this study as well as that of 
a previous report(15), the preputials of thy- 
roidectomized rats are equivalent in weight to 
those of intact animals. Adrenal deficient 
tats have larger thymus glands than normal 
animals(16,17). There was no significant 
difference between the weights of the thymus 
glands of thyroidectomized and unoperated 
animals. Therefore, there is no reason for 
assuming adrenal atrophy as a consequence 
of thyroid deficiency. 

The adrenal of a thyroidectomized rat, 
however, does have a histological appearance 
which differs from that of intact animals. 
When frozen sections are stained with Sudan 
IV, the adrenal of a thyroidectomized rat 
exhibits a somewhat narrower zona fasciculata 
than in controls, with the fat restricted al- 
most entirely to the outer part of this zone. 
The fat stains a much deeper red in these 
glands. This observation has also been made 
previously by Deane and Greep(18) and 
Hess and Finerty(7). 

The enlargement of the testes and seminal 
vesicles of the thyroidectomized rats was not 
surprising. The increased sensitivity of the 
gonads and secondary sex organs of the thy- 
roidectomized animal to gonadotrophins has 
been reported previously. Schockaert(19) 
has shown that the enlargement of the sec- 
ondary sex organs in male rats given anterior 
pituitary injections is significantly increased 
by thyroidectomy. The greatest gonadal re- 
sponse secured by Smith and Engle(20) from 
pituitary implants was in a thyroidectomized 
animal. Fluhmann(21) reported that thy- 
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roidectomy was followed by greater than 
normal ovarian responses to anterior pituitary 
extracts, which was confirmed by Tyndale 
and Levin(22) in their experiments utilizing 
injected gonadotrophic material. | 

Summary. 1. Although thyroidectomized 
adult male rats, having reached a “‘plateau” in 
their growth curves, exhibit a small difference 
in body weight when compared with controls, 
there is no significant difference in the relative 
weights of the adrenal glands between the 2 
groups. The absolute weights of the right 
adrenals of the operated and intact animals 
showed no difference. It is concluded, there- 
fore, that thyroidectomy does not cause ad- 
renal atrophy. Evidence for the normal func- 
tion of adrenal glands of thyroid deficient 
rats is discussed. 2. The enlarged testes and 
seminal vesicles of the thyroidectomized rats 
are in conformity with previous observations 
that there is an increased sensitivity of the 
gonads and secondary sex organs of thyroid 
deficient rats to gonadotrophic hormones. 


The author gratefully acknowledges the technical 
assistance of Mrs. Frances Thompson and Mrs. Doris 
Godard in this study. 
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Arterial Pressures in Street Dogs: Incidence and Significance of 


Hypertension. 


J. W. McCussin Anp A. C. CoRCcORAN. 


(20564) 


(Introduced by Irvine H. Page.) 


From the Research Division of the Cleveland Clinic Foundation and the Frank E. Bunts 
Educational Institute, Cleveland, O. 


Spontaneous hypertension in dogs might 
more closely resemble the “essential” hyper- 
tension of human beings than experimental 
neurogenic or nephrogenic hypertension. The 
condition has been described (Stamler, Katz, 
Rodbard(1)), but authorities(2) disagree as 
to its incidence and significance and agree only 
that it occurs infrequently. The present re- 
port is based on arterial pressure measure- 
ments in 400 dogs selected at random, most of 
them adult mongrels. 

Methods. Pressures were measured in a 
sound-proofed room while the dogs were gent- 
ly restrained on their backs. The femoral 
artery was punctured with a 20 g needle con- 
nected to a mercury manometer by rigid tub- 
ing filled with 5% citrate solution. Except as 
noted below, only one measurement was made 
and this usually within a few days after the 
dogs had been received; thus the data do not 
reflect the effect of training. The one ob- 
server was skilled, so that few dogs resisted the 
procedure and most lay quietly after a few 
minutes of petting. Measurements were con- 
tinued until the pressure reached what seemed 
a minimum level; this usually required only 
4 or 5 minutes but was sometimes prolonged 
up to 15 or 20 minutes. 

Results are summarized in Table I. Arterial 
pressures of most of the animals (319/400) 
were in the range 111-140 mm Hg. Some 
ranged from 141 to 150 mm Hg and a few 


between 99 and 111 mm Hg. Only 9 (2%: 
of the group) could be considered hyper- 
tensive, i.¢., if one accepts the arbitrary defini- 
tion of an arterial pressure higher than 150 
mm Hg. The arterial pressures of 7 of these: 
9 ranged between 150 and 157 mm Hg at the 
first determination and fell below this level 
when measurements were repeated on suc- 
ceeding days and “training” established. Only 
2 of the 400 showed appreciable hypertension 
with arterial pressures of 175 and 205 mm Hg 
which persisted at these respective levels with 
repeated testing over several weeks. 

Since these two might be considered ex- 
amples of spontaneous hypertension, they 
were studied more closely.. One, dog A, was: 
old; at postmortem, its kidneys were con- 
tracted and had the gross appearance of 
chronic pyelonephritis; the renal pelves of 
dog B were found at postmortem to contain. 
stones and sections of the kidney demon- 
strated nephrosclerosis on microscopic ex- 
amination. Respective renal plasma clear- 
ances of p-aminohippurate were 8.3 and 8.7 
cc per kg body weight per minute and the 
simultaneous plasma clearances of exogenous. 
creatinine 2.7 and 2.8. These clearance rates 
are lower than the means of 13.5 (effective 
renal plasma flow) and 4.3 (glomerular filtra- 
tion rate) found in normal dogs (Houck(3)). 

Previous evidence for the occurrence of 
spontaneous hypertension is mainly the rela- 
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TABLE I. Range of Arterial Pressure in 400 Street Dogs. 


Mean systolic pressure 
inmm Hg 


No. of dogs ‘9 82 


100-110 111-120 121-130 131-140 141-150 151-156 


123 


175 205 


114 53 7 1 1 


tively normal renal clearances of 3 dogs with 
sustained elevation of arterial pressure studied 
by Stamler, Katz and Rodbard(1); the clear- 
ance rates of one of these were 10.2 (effective 
renal plasma flow) and 3.5 (glomerular filtra- 
tion rate) cc per kg per minute. No data are 
available as to the appearance of the kidneys 
of this animal; however, the kidneys of the 
other two, whose renal plasma clearances were 
somewhat more depressed below mean normal 
did show “slight to moderate chronic focal 
lesions”. Thus, renal plasma clearances while 
within the range of normal have been found to 
lie below the normal mean in 5 dogs with 
seeming spontaneous hypertension; 4 of these 
for which data are available demonstrated 
renal lesions at autopsy. 

Focal lesions, such as occur in some dogs 
with experimental renal hypertension, do not 
necessarily depress plasma clearances (Cor- 
coran and Page(4)) so that normal rates of 
plasma clearance are observed in some dogs 
with experimental renal hypertension(1,4). 
Demonstration of normal or slightly sub- 
normal rates of plasma clearance in dogs found 
to be hypertensive does not therefore estab- 
lish that the hypertension is of extrarenal 
origin. Actually, focal or diffuse renal lesions 
are not uncommon in dogs (Bloom(5)), and 


it would be surprising if these did not some- 
times elicit renal hypertension. Hamilton e¢ 
al.(6) observed that dogs with hyalinized 
arterioles and with glomerular nephritis have 
higher pressures than the average population. 

Summary. Hypertension resembling “clini- 
cal essential” hypertension may occur in dogs, 
but the weight of the evidence inclines us to 
the view that this condition must be very rare; 
what seems to be “‘spontaneous” canine hyper- 
tension is usually attributable to renal disease. 
The relatively narrow spread of arterial pres- 
sures in this series of street dogs indicates that 
the skill of the observer is at least as important 
as the training of the dog. 
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Action of 3-Acetyl-Strophanthidin in Isolated Mammalian Heart.* (20565) 


Mary A. Root anp K. K. CHEN. 
From the Lilly Research Laboratories, Eli Lilly and Co., Indianapolis, Ind. 


An ester of strophanthidin, 3-acetyl-stro- 
phanthidin, has been found to be effective for 
slowing ventricular rate in auricular fibrilla- 
tion and for treating paroxysmal tachycardia. 
After intravenous administration, the onset of 


* We are indebted to Messrs. Thomas Lenahan and 
Darrell Caldwell for their capable assistance in these 
experiments. 


action is rapid and the duration of effect is 
relatively short(1). However, the positive 
inotropic action of 3-acetyl-strophanthidin has 
been questioned by Wedd and Blair(2) who 
found marked differences in the response of 
the turtle heart to digitalis and to 3-acetyl- 
strophanthidin. From their results, the 
authors concluded that this ester cannot be an 
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FIG. 1. Action of 3-acetyl-strophanthidin on the failing dog heart. Heart-lung preparation. 
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Wt of heart-lung dog, 11.4 kg. Approximate blood vol 850 ml. Arterial resistance 48 mm mer- 

cury. Tracings from top to bottom: arterial blood pressure (scale on left in mm of mercury ) ; 

pulmonary pressure (scale on right in mm of water) ; right auricular pressure (scale on left in 

mm water); time in 1-min. intervals; signal. Horizontal rows of figures from top to bottom: 

systemic output in ml/min., heart rate per min., reservoir vol in ml, and changes in inflow level 
inmm. At signal, 0.100 mg 3-acetyl-strophanthidin inj. 


effective cardiac drug with digitalis-like action. 
Using the cat papillary muscle preparation, 
Greiner and Reilly(3) were able to demon- 
strate that 3-acetyl-strophanthidin has a posi- 
tive inotropic action and that, mole for mole, 
it is more effective than strophanthidin. They 
concluded that the clinical use of 3-acetyl- 
strophanthidin is justified and that the effects 
seen in patients are due to its rapid digitalis- 
like action. 

Although Greiner and Reilly employed 
mammalian heart muscle, they did not study 
the effect of the drug on the entire heart. 
Since the question of the presence or absence 
of a positive inotropic action of 3-acetyl-stro- 
phanthidin is of major importance for its 
clinical use, experiments were performed using 
the heart-lung preparation of the dog in order 
to compare the cardiac action of this ester with 
that of ouabain. 

Method. Mongrel dogs of either sex, weigh- 
ing from 8.9 to 12.4 kg, were used in all ex- 
periments. The animals were fasted for 18 
hours and were then anesthetized with Seco- 
barbital Sodium.t Heart-lung preparations 
were made as described by Krayer and Men- 
dez(4). Systemic output was measured with 
a rotameter? and the float level read visually 
each minute. Heart rate was recorded on an 
ink-writing oscillograph. The initial total 
blood volume varied from 800 to 900 ml. 


t ‘Seconal Sodium’ (Secobarbital Sodium, Lin: 
+ The rotameter was made by C. Wilson of the 
Lilly Clinic. 


Heart failure was produced by the adminis- 
tration of 50 to 80 mg of Secobarbital Sodium 
injected into the inflow tubing in divided doses. 
Ouabain and 3-acetyl-strophanthidinS were 
prepared as 1:1000 stock solutions in 47.5% 
ethanol. Fresh dilutions of the stock solutions 
were made daily in 0.9% sodium chloride solu- 
tion. 

Results. Two experiments were performed 
with ouabain and four with 3-acetyl-strophan- 
thidin. That 3-acetyl-strophanthidin does pro- 
duce a positive inotropic effect in the failing 
dog heart can be seen clearly in Fig. 1. During 
the production of cardiac failure the systemic 
output had decreased from 840 to 285 ml/min 
and both the right auricular and pulmonary 
arterial pressures had increased greatly. With- 
in 2 minutes after the injection of 100 pug of 
3-acetyl-strophanthidin into the inflow tubing, 
the right auricular pressure began to decrease 
and the systemic output increased. Ten min- 
utes after the injection the right auricular and 
pulmonary pressures had returned nearly to 
normal and the systemic output had increased 
to above its initial value. Although the 
ability of the heart to compensate for an in- 
creased work load (increased venous inflow) 
was not completely restored to its initial status, 
it was greatly improved. 

In Table I are summarized 2 experiments in 
which repeated doses of ouabain or of 3-acetyl- 
strophanthidin were administered’ until toxic 


§ The 3-acetyl-strophanthidin was prepared in our 
laboratories by Mr. John S. Welles. 
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TABLE I. Effect of Repeated Doses of Ouabain or 3-Acetyl-Strophanthidin on the Isolated 
Dog Heart. 


Systemic 


Right 


Arterial Pulmonary auricular 


‘Time, output, Heart pressure, pressure, pressure, Competence Reservoir Blood 
min, ml/min. rate/min. mmHg mmH,O mmH,0 index* vol,ml temp., °C 
Experiment 31 
5 595 137 95 65 35.0 630 38.2 
8 90 
15 Seeobarbital sodium—50 mg 
35 p ” ”? 20 2? 
53 ” ” 10 92 
70 ” ” 10 ” 
74. 265 126 79 175 68.5 485 38.0 
17 24 
82 280 125 80 180 68.5 470 37.9 
83 Ot—50 yg 
92 285 123 83 160 63.5 470 38.0 
93 O— 20 ug 
100 330 122 87 150 60.5 465 38.0 
101 O — 50 ug 
110 415 121 93 125 53.5 460 38.1 
11 O — 50 pg 
116 480 107 96 105 46.5 460 38.4 
117 Ct 
Experiment 27 
3 675 131 109 60 29.5 520 38.0 
12 93 
26 Secobarbital sodium—50 mg 
39 qs + 50Gs 
43 330 136 102 170 66.5 350 37.5 
45 .09 
48 335 136 100 175 73.5 305 37.2 
49 3-At—50 pg 
63 470 132 108 100 55.5 350 37.9 
65 35 
72 510 131 110 90 50.5 360 38.0 
73 3-A — 50 ug 
82 605 128 113 60 43.5 380 38.0 
84 89 
93 595 129 114 55 40.0 335 37.8 
94 3-A — 50 ug f 
97 595 128 113 50 39.0 320 38.0 
99 Ct 


Increase in inflow level—increase in right atrial pressure 


* Competence index(5) is the ratio: 


Increase in inflow level 


Although both 50 and 100 mm increases in inflow level were used in the experiments, only the 
effects caused by the 50 mm rise were used to compute the competence index. 
+ O = Ouabain; 3-A — 3-Acetyl-strophanthidin; C= Cardiac irregularities started. 


effects (as evidenced by cardiac irregularities) 
were produced. A total dose of 170 pg of 
ouabain was necessary, under these circum- 
stances, to produce cardiac irregularities. 
When 3-acetyl-strophanthidin was adminis- 
tered to another preparation in a similar man- 
ner, cardiac irregularities began after adminis- 
tration of 150 wg. Although only one experi- 
ment has been performed with each substance 
administered in this manner, it is clear that 
they are very similar with regard to potency, 


toxicity, and ratio between therapeutic and 
toxic doses. 

The dose producing a clear-cut positive ino- 
tropic action is about 75 wg for ouabain and 
100 yg for 3-acetyl-strophanthidin. In the 
second experiment with ouabain, cardiac ir- 
regularities, beginning about 20 minutes after 
administration of the glycoside, were produced 
by 75 pg. 

When 3-acetyl-strophanthidin was used, ir- 
regularities were produced by 150 pg in each 
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of 3 experiments and 350 yg in the fourth. 

Discussion. The cardiac action of 3-acetyl- 
strophanthidin has been shown to be a positive 
inotropic one in the dog heart-lung prepara- 
tion. This confirms the positive inotropic re- 
sponse of the cat papillary muscle found by 
Greiner and Reilly(3), and indicates that the 
therapeutic action of the drug in man is simi- 
lar to that of digitalis. Apparently, the cold- 
blooded turtle heart used in the experiments 
of Wedd and Blair(2) reacts in a different 
manner to different cardiac drugs than does 
the warm-blooded mammalian heart. 

The experiments reported here are not suf- 
ficient in number to permit any quantitative 
comparison of the activity of ouabain and 3- 
acetyl-strophanthidin, but the results indicate 
that the two drugs have approximately the 
same therapeutic and toxic potencies. This 
would agree with the comparative toxicity of 
the two substances as measured by the cat 
lethal dose assay. The mean (geometric) cat 
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lethal dose is 0.116 mg/kg for ouabain(6) and 
0.1866 mg/kg for 3-acetyl-strophanthidin (7). 

Summary. In the failing heart-lung prepa- 
ration of the dog, 3-acetyl-strophanthidin has 
been found to produce a positive inotropic 
effect comparable to that produced by oua- 
bain. 


1. Gold, H., Otto, H. L., Modell, W., and Halpern, 
S. L., J. Pharmacol. and Exp. Therap., 1946, v86, 
301. 

2. Wedd, A. M., and Blair, H. A., ibid., 1952, 
v104, 334. 

3. Greiner, ‘T., and Reilly, J., Proc. ‘Soc: Exe: 
Brot. AND Mep., 1952, v81, 141. 

4, Krayer, O., and Mendez, R., J. Pharmacol. and 
Exp. Therap., 1942, v74, 350. 

5. Wollenberger, A.. and Krayer, O., zbid., 1948, 
v94, 439. 

6. Chen, K. K., Ann. Rev. Physiol., 1945, v7, 681. 
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Esophagitis in Dogs Following Operations Employed in the Treatment of 


Mega-Esophagus.* 


(20566) 


EpwIn L. BRACKNEY, WILLIAM D. Ketty, GItBert S. CAMPBELL, AND 
OweEN H. WANGENSTEEN. 
From the Department of Surgery, University of Minnesota Medical School, Minneapolis. 


The most severe complication resulting 
from the operative treatment of mega-esoph- 
agus, esophageal dystonia, or cardiospasm is 
chronic esophagitis. Indeed, this may become 
more disabling than the original condition 
which the operation was designed to correct. 
This study was devised to determine, in dogs, 
the incidence of esophagitis following the two 
standard surgical procedures for the treatment 
of mega-esophagus which have been most 
popular in recent years. These are the Heller 
operation and the Wendel operation, which 
are described in detail below. 


* This research received support from the follow- 
ing sources: 1. U. S. Public Health Service, 2. Augus- 
tus L. Searle Fund for Surgical Research; 3. Austen 
C. Cargill Fund for Surgical Research; 4. Graduate 
School Research Fund of the University of Minnesota, 

Presented at the Meeting of the Minnesota Section 
of the Society, May 20, 1953. 


Materials and methods. Mongrel dogs 
weighing 8 to 16 kg were used in this study. 
Pentobarbital sodium was administered intra- 
venously in a dosage of 30 mg per kg of 
body weight for anesthesia, and a mechanical 
respirator was used during surgery. The 
esophagogastric junction was exposed through 
an incision in the 10th left intercostal space, 
and where necessary the stomach and pyloro- 
duodenal junction could be delivered easily 
into the chest by enlarging the esophageal 
hiatus. The Heller operation consists of an 
extramucous myotomy of the esophagogastric 
junction. In this study, the myotomy was 
made by incising the muscularis of the distal 
4 to 5 cm of the esophagus and proximal 4 
cm of the stomach longitudinally down to the 
submucosa with a sharp knife. Care was 
taken to leave no muscle fibers undivided. 
The Wendel procedure consists of a longi- 
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TABLE I, Esophagitis in Dogs Attending Performance of Heller and Wendel Operations on 
the Esophagogastric Junction. Degree of esophagitis as revealed by esophagoscopy, graded 0-4. 
Results are listed in 4 wk intervals. 
a IE Ear i ech a DL CAD Sere 
Gi Weeks —_————, 
Dog No. 0-4 5-8 9-12 13-16 17-20 21-24 25-28 29-32 + 33-36 
Group 1. Heller operation 

a 0 0 1 1 1 1 

2 0 0 0 1 | 1 1 i 

3 0 0 1 0 0) 0 0 0 0 

4 0 1 0 i: 0 

5 0 1 1 1 

6 0 0 0 0 iL 0 0 

Group 2. Wendel operation 

al 1 2 2 3 33 3 3 

2 1 ut 2 2 2 3 3 3 

3 1 1 2 3 3 

4 1 1 2 3 3 

Group 3. Heller operation + histamine 

il 2-3 3 3 3 3 4 (BP)* 

2 1 2 2 3 2 2 

3 2 2 3 3 3 3 

4 i i 1 ih 1 1 al 

Group 4. Wendel operation + histamine 

al 1 2 2 3 

2 3 3 3 4 (EP) * 

3 1 2 2 3 3 3 3 2 

4 1 2 2 3 3 3 3 3 

Group 5. Wendel operation and vagotomy + histamine 

a 2 3 3 3 3 3 3 

2 0 3 3 3 

3 0 1 2 2 

Group 6. Wendel operation, vagotomy, and pyloroplasty + histamine 

1 0 0 0 1 

2 0 0 0 0 

3 0 0 0 0 

4 0 1 0 0 

5 0 1 il 3 (Isolated esophageal ulcer ) 

* EP = Esophageal perforation. Se 

tudinal incision through all layers of the of 30 mg of histamine-base in°beeswax. The 


esophagogastric junction which is closed 
transversely. In this study, the incision ex- 
tended from 4 cm above to 4 cm below the 
esophagogastric junction. It was closed 
-transversely in 2 layers—an inner mucosal 
stitch of continuous 000 plain catgut and an 
outer row of interrupted 0000 silk. After 
both procedures, the left crus of the dia- 
phragm was carefully resutured to esophagus 
with a few interrupted silk sutures. 

The animals were allowed to recover for 
2 to 4 weeks following operation, and then 
esophagoscopy was performed every 2 to 3 
weeks to assess the condition of their esophagi. 
Six groups of animals were studied. Group 1 
animals had the Heller procedure alone, and 
Group 2 the Wendel operation alone. Groups 
3 and 4 were similar to Groups 1 and 2 with 
the addition of daily intramuscular injections 


dogs in Group 5 had a Wendel operation and 
in addition, a bilateral supradiaphragmatic 
vagotomy; and those in Group 6 had a Wen- 
del operation, a vagotomy, and a Heineke- 
Mikulicz pyloroplasty. The animals in both 
Groups 5 and 6 were given daily injections of 
histamine-in-beeswax. 

Results. The results are shown in Table I. 
When, at esophagoscopy, esophagitis was 
observed to follow these operative procedures, 
the process was found usually to be limited 
to the distal third of the esophagus; however, 
in some of the more severe cases, changes were 
present throughout the entire esophagus. The 
degree of esophagitis was graded on the basis 
of 0 to 4. 


O0—normal 
1—mild esophagitis (slight to moderate 
hyperemia) 
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2—moderate esophagitis (more hyperemia, 
early linear erosions) 

3—-severe esophagitis (marked hyperemia, 
linear erosions which bleed easily, ero- 
sions covered by exudate) 

4—esophageal perforation. 


Of the dogs in Group 1 subjected to the 
Heller operation and not receiving histamine, 
none developed severe esophagitis. Contrast 
this with Group 2, in which all dogs devel- 
oped severe esophagitis following the Wendel 
operation. The marked difference in the in- 
cidence of esophagitis between these 2 groups 
is probably the result of the difference in the 
degree of regurgitation of gastric juice into 
the lower esophagus. Some reflux of gastric 
juice was noted at esophagoscopy in dogs from 
both groups; however, this finding was more 
marked and more constant in the Wendel 
dogs. 

Histamine-in-beeswax injections were given 
to produce a constant stimulus for the secre- 
tion of a large volume of highly acid gastric 
juice. It was believed that this would in- 
tensify any esophagitis following these opera- 
tions inasmuch as regurgitation of acid peptic 
juice is the cause of esophagitis in these cir- 
cumstances. In Groups 3 and 4, administra- 
tion of histamine resulted in a severe degree 
of esophagitis in dogs with both the Heller 
and Wendel operations. One dog from each 
of these groups died following perforation of 
an esophageal ulcer. 

The Wendel operation was chosen to test 
the effectiveness of vagotomy and pyloro- 
plasty in preventing esophagitis because of 
the high incidence of severe esophagitis when 
the animals received histamine injections. In 
Group 5, vagotomy alone failed to prevent the 
development of severe esophagitis in dogs with 
the Wendel operation subjected to histamine 
stimulation. On the other hand in Group 6, 
vagotomy and pyloroplasty together were 
found to be effective in preventing esophagitis 
under the same circumstances. However, one 
of the animals in Group 6 did develop a small 
isolated esophageal ulcer on the posterior wall 
just above the esophagogastric junction with 
little or no evidence of esophagitis anywhere 
else in the distal esophagus. This ulcer was 
probably caused by constant exposure to the 
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acid peptic secretion from a fold of gastric 
mucosa pulled upward in the transverse clos- 
ure of the Wendel operation. It has pre- 
viously been demonstrated that transplanta- 
tion of a bit of fundic mucosa 1 cm in diameter 
pedicled on a source of blood supply into the 
wall of the esophagus is regularly followed 
by the development of a peptic ulcer in the 
esophageal mucosa in juxtaposition to the 
transplant. 

The dogs of Group 6 in which a vagotomy 
and pyloroplasty were done, in addition to the 
Wendel procedure, remained in good condition 
and maintained their weight well. In con- 
trast, the dogs in Group 5, a similar group 
in which a vagotomy was done but pyloro- 
plasty was omitted fared badly. They all 
lost weight rapidly and soon became emaciated 
and died. The immediate cause of death 
was often pneumonia, but in many, cachexia 
was the only post mortem finding. Im fact, 
many dogs were operated upon in this par- 
ticular group before the 3 survivors for the 
experiment could be maintained alive through- 
out an adequate period of observation. 

Summary. 1. Dogs subjected to the Wen- 
del operation for mega-esophagus developed 
severe esophagitis, whereas dogs with the 
Heller operation did not. 2. Daily injections 
of histamine resulted in severe esophagitis in 
dogs with both the Heller and Wendel opera- 
tions. 3. Vagotomy alone did not prevent 
development of esophagitis following the 
Wendel procedure when the animals received 
histamine. 4. Vagotomy and pyloroplasty to- 
gether were effective in preventing esophagitis 
in dogs with the Wendel procedure receiving 
histamine injections. 

ADDENDUM. Since this paper was submitted 
for publication, two new groups have been 
added. In Group 7, a Wendel operation and 
pyloroplasty were done, the dogs being given 
histamine; 4 of 5 such dogs developed severe 
esophagitis and one dog had no esophagitis. 
A 6th dog receiving no histamine developed a 
moderate esophagitis within 2 weeks following 
operation. In Group 8, a Heller operation, 
vagotomy, and pyloroplasty were done. The 
dogs also were given histamine; ‘none of the 
4 dogs developed esophagitis. 


CE ea ee oe ee eh ye 
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Effect of Continuous Injection of Epinephrine on Adrenal Cortex and 


Anterior Hypophysis.* 


(20567) 


HeEtio B. Coutinuo,t Burton L. BAKER, AND Dwicut J. INGLE. 


From the Department of Anatomy, University of Michigan Medical School, Ann Abor, and the 
Research Laboratories, Upjohn Co., Kalamazoo, Mich. 


The role played by epinephrine in exciting 
the pituitary-adrenocortical axis during stress 
is not clear. Some investigators hold that this 
hormone acts only as a non-specific stressor. 
Others imply, however, that epinephrine is a 
specific “trigger” substance which activates 
the hypophysis to secrete corticotropin when 
the organism is under stress(1). McDermott 
et al.(2) postulate that epinephrine is in- 
volved particularly during the early phase of 
adjustment to stressful conditions. Most of 
the evidence in support of the latter position 
has been derived from short-term experiments. 
Since epinephrine disappears rapidly from the 
blood stream(3), its concentration cannot be 
maintained at a constant level if the hormone 
‘is administered by intermittent injections. The 
availability of an apparatus for continuous in- 
jection of small animals made possible this 
study of the effect of the prolonged action of 
epinephrine on the hypophysis and adrenal 
cortex. When so administered, one should 
expect to find histological evidence of ac- 
celerated secretory activity in these glands if 
epinephrine carries out a specific role in stimu- 
lating the release of corticotropin by the an- 
terior hypophysis. 

Procedure. Male rats of the Sprague-Daw- 
ley strain having an initial weight of approxi- 
mately 300 g were used in these experiments. 
They were force-fed a medium carbohydrate 
diet(4) by stomach tube each morning and 
late afternoon. The technics and diet were 
modifications of those of Reinecke, Ball and 
Samuels(5). Each 24-hour dose of epineph- 
rine hydrochloride (Upjohn) was contained in 
1 ml of physiological saline with 1 mg of 
ascorbic acid added as an anti-oxidant 


* This investigation was supported (in part) by 
a research grant from the National Institutes of 
Health. 

+ W. K. Kellogg International Fellow. Permanent 
address: Faculdade de Medicina, Universidade do 
Recife, Pernambuco, Brazil. 


(Groups 1-4, Table I). The control rats re- 
ceived an equal amount of saline and ascorbic 
acid. Several dilutions of epinephrine were 
made from the original 1:1000 concentration. 
In order to administer maximal doses of 
epinephrine over a period of weeks, it was 
necessary to begin with a moderate dose and 
to increase dosage as tolerance developed. 
Doses larger than those used here killed the 
rats. Each rat was placed in a metabolism 
cage which restricted its activity so that the 
animal was unable to reverse its position. A 
21-gauge needle, having a barb attached to 
its shank to prevent withdrawal, was placed 
subcutaneously. Sterile needles were used 
for replacement every 48 hours. The solu- 
tions were administered to 6 rats simultane- 
ously by a continuous injection machine. 
Three of the 6 rats received epinephrine and 
3 received control injections. The room tem- 
perature was 74° to 78°F. At the end of a 
continuous injection period of 1 to 21 days 
the rats were anesthetized with cyclopal for 
autopsy. 

Since Finerty, Hess and Binhammer(6) 
have postulated that accelerated secretion of 
corticotropin is accompanied by an increase 
in the phospholipid content of the anterior 
hypophysis, this material was stained in the 
pituitary glands of some animals by the meth- 
od of Baker(7) after fixation in formaldehyde- 
calcium. Adrenal glands were fixed in Bouin’s. 
fluid and stained with the Masson(8) pro- 
cedure. Others were preserved in 10% neu- 
tral formalin buffered to pH 7 by 0.2 M phos- 
phate buffer. Frozen sections of these glands: 
were stained with Sudan black B or by the 
Schultz (9) procedure for the demonstration of 
cholesterol and its esters. Paraffin-embedded. 
sections of other adrenal glands similarly fixed. 
were stained for esterase activity by the 
naphthol AS acetate technic of Gomori(10). 
The criteria used as evidence of secretion of 
corticotropin under the influence of epineph- 
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TABLE I. Effect of Continuous Injection of Epinephrine on Mean Weight of Body, Thymus 
and Adrenal Gland. 


Duration No.of Body wt (Jere Thymus Adrenal (1) 
Group Treatment (days) rats Initial Final wt (mg) wt (mg) 
I Epinephrine 1:5000 7 9 Q273+11t 2644+ 8 121+66 30 4 
1:2500 7 
1:1000 is 
Saline 21 9 278+ 9 276416 246448 30s 2 
LEE Epinephrine 1: 1000 2 3 296410 2954 4 
Saline 2; 3 300+13 298+ 5 
IIL Epinephrine 1:5000 if 3 349+ 9 313+ 5 37=E25 
1:2500 14 
Saline Saal a 345+ 9 303+18 29 2 
TV Epinephrine 1:5000 1-2 4 326+ 4 316+ 4 
Saline 1-2 4 333+ 4 827-— 5 
V Epinephrine 1: 2500 a 9 332+48 375462 24 2 
Saline eel 9 333438 389+63 28=E 3 


>d? 
+ Stand. dev. = 


tine were: a) the phospholipid content of the 
anterior hypophysis, b) weight of the adrenal 
glands, c) size and mitotic activity of paren- 
chymal cells in the zona fasciculata, and d) 
depletion of sudanophilic lipid and e) of 
cholesterol from the adrenal cortex. Since 
administration of exogenous corticotropin to 
rats elicits all of these changes in the adrenal 
cortex(11), epinephrine might induce similar 
effects if it is capable of causing the hypophy- 
sis to liberate significant quantities of cortico- 
tropin. 

Observations. All of the rats exhibited 
transitory glycosuria which was maintained 
only when the dose of epinephrine was in- 
creased over that given at the beginning of 
treatment. 

Fig. 5 and 6 show that the injection of 
epinephrine for 21 days did not increase the 
total amount of phospholipid in the anterior 
hypophysis or the number of cells which con- 
tained large amounts of phospholipid. As 
judged by all of the criteria of secretory ac- 
tivity used in this study, epinephrine failed to 
stimulate the adrenal cortex consistently. The 
total weight of the gland was not increased 
(Groups 1 and 5, Table I). An increase in 
mean weight of the adrenal glands is indicated 
in Group 3 but of the 3 rats receiving epineph- 
rine, the adrenal glands of one were massive 
in size whereas those of the other two rats were 


lighter than the adrenal glands of their con- 
trols. Excluding this exceptional rat which 
exhibited signs of epinephrine toxicity and 
was near death prior to autopsy, there was no 
hypertrophy or hyperplasia of the parenchy- 
mal cells in the zona fasciculata of the cortex 
in any experiment. Significant depletion of 
sudanophilic lipid did not occur (Fig. 1 to 4). 
The intensity of color induced in the adrenal 
cortex by the Schultz procedure was somewhat 
less in only a few rats injected with epineph- 
rine and ascorbic acid for 21 days. Esterase 
activity is evident in all zones of the cortex 
in control animals, being most intense in the 
zona glomerulosa and zona fasciculata. It was 
not altered in either zone by epinephrine. 
Discussion. The auto-oxidation of epineph- 
rine while in the hypodermic syringes presents 
a problem which may not have been solved 
completely in these experiments. It was pre- 
vented in the 21-day injection experiments by 
the addition of ascorbic acid to the fluid being 
injected. Bacchus ef al. have reported that 
treatment of rats with ascorbic acid prevents 
the eosinopenia and depletion of adrenal 
cholesterol which occurs following the ad- 
ministration of epinephrine(12) but does not 
block the eosinopenic response which follows 
treatment with corticotropin(13)* They con- 
cluded that ascorbic acid either antagonizes 
epinephrine directly or inhibits the release of 
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Adrenal cortices shown in Fig. 1 to 4 were fixed in 10% formalin and stained with Sudan 


black B (X60). Anterior hypophyses illustrated in Fig. 5 and 6 were stained with Baker’s 
acid hematein (210). 


FIG. 1. Control for Fig. 2. 


FIG. 2. After inj. of epinephrine (1:5000) for 48 hr without ascoibic acid. 


FIG. 3. Control for Fig. 4. 


FIG. 4. After inj. of epinephrine (1:5000, one wk; 1:2500, one wk; 1:1000, one wk) with 


ascorbic acid. 
FIG. 5. Control for Fig. 6. 


FIG. 6. After inj. of epinephrine as for Fig. 4. 


corticotropin by the hypophysis. These obser- 
vations indicate that ascorbic acid may have 
been responsible for the absence of pituitary- 
adrenal response to epinephrine in Groups 1 
through 4. However, the quantity of ascorbic 
acid administered by Bacchus e¢ al.(13) was 
enormous as compared with that used in our 
experiments. They injected 88 mg/100 g 
body weight intraperitoneally as compared 
with 1 mg per rat in our study. It seems im- 
probable that this small amount of ascorbic 
acid could interfere with the action of epineph- 


rine. Epinephrine did elicit the usual phar- 
macologic signs of its action in these experi- 
ments and in high dosage was definitely toxic. 

In order to eliminate the use of ascorbic 
acid, epinephrine was injected continuously 
without ascorbic acid (Group 5, Table I) for 
24 hours since during this period there was 
little evidence of oxidation of epinephrine as 
indicated by coloration of the solution. Like- 
wise, in this experiment there was no histo- 
logical evidence of adrenocortical stimulation 
by epinephrine. 
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As determined by chemical analysis, it is 
generally recognized that a fall in concentra- 
tion of cholesterol occurs in the adrenal cortex 
immediately after administration of epineph- 
rine for short periods of time(1). This effect 
is mediated by the increased secretion of 
corticotropin by the anterior hypophysis. The 
decrease in cholesterol which follows the in- 
jection of corticotropin involves the esterified 
but not the free form and may occur without 
any alteration in the amount of free fat in the 
adrenal cortex(14). The Schultz reaction ap- 
plied to tissue sections is only a crude quan- 
titative index of concentration and does not 
differentiate esterified from free cholesterol. 
In our experiments, a reduction in the former 
may have been masked by the free choles- 
terol present in the gland. Nevertheless, exo- 
genous corticotropin induces a striking reduc- 
tion in the intensity with which the Schultz 
procedure stains the adrenal cortex. The 
negative observations herein reported are im- 
portant because they show that injection of 
epinephrine fails to duplicate the histological 
alterations induced in the adrenal cortex by 
injection of corticotropin(11) even though 
‘corticotropin presumably mediates the action 
of epinephrine on the adrenal cortex. 

Several studies in man have failed to reveal 
significant stimulation of the adrenal cortex 
‘by the administration of epinephrine. Nelson 
et al.(15) found no rise in the concentration of 
17-hydroxy adrenal steroids in the blood after 
intravenous injection of epinephrine. Jef- 
fries et al.(16) did not observe an increase in 
urinary 17-ketosteroid excretion. Thorn e¢ al. 
(17) reported that intravenous injection of 
‘epinephrine in quantities sufficient to cause 
eosinopenia and striking systemic reactions to 
the drug, failed to increase the output of 17- 
hydroxy adrenal steroids. Our observations 
concur with these investigations in man and 
lead to the conclusion that epinephrine is not 
capable of stimulating the hypophysis to se- 
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crete corticotropin at a rapid rate. 


Summary. Under the conditions “of our 
experiments, the continuous subcutaneous in-— 
jection of massive doses of epinephrine into 


rats for 1 to 21 days, failed to elicit histologi- 


cal evidence of pituitary-adrenocortical stimu- 
lation. , 
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The purpose of this communication is to 
describe an infusion pump which will make 
possible the continuous recording of blood 
pressure over long periods without an anti- 
coagulant using high frequency recorders of 
the Hamilton, Sanborn, or Statham type. 
The principal requirements for such a pump 
are as follows: 1) it must deliver saline 
smoothly at a very slow constant rate into 
the artery from which the pressure recording 
is being taken; 2) it must not alter the mag- 
nitude of the pressure recorded but it must 
build up and sustain a pressure exceeding 
arterial by a small increment; 3) it must be 
provided with a device which will protect the 
artery and the pump in case of obstruction 
of the outlet because of a blood clot or for 
any other reason; 4) it must not introduce 
‘mechanical damping which would impair the 
frequency response of the manometer. The 
pump described below appears to meet these 
specifications. 

In Fig. 1 is shown a schematic plan of the 
pump. The syringe holder and plunger drive 
assembly, which may be obtained commer- 
cially,* is mounted on any convenient base. 
It consists in a spur gear (not visible) which 
runs inside block A and drives rack B; this, 
in turn, drives a 50 cc standard syringe which 
is held in clamp C. It is necessary to ream 
the threaded hole in block A at the arrow to 
fit a piece of 14” drill rod D. This rod passes 
through the spur gear to which it is attached 
by a pin and terminates in a radio dial knob 
at E. The other end of the drill rod goes 
through a standard 4” radio panel bearing 
assembly in a vertical partition of masonite 
F, and terminates in spur gear G which meshes 
with spur gear H on the reduction box. Spring 
J enables one to disengage the spur gear in 
block A from rack B by pulling on knob E 
so as to quickly empty or refill the syringe 
by hand. The syringe may be emptied by 
2 revolutions of knob E. In providing a 


* Syringe Holder for Sodium Pentothal Anesthesia, 
Foregger Co., New York. 


drive mechanism a pair of Selsyn control 
transformerst have been inserted between the 
geared head motor and the reduction box in 
order to provide a variable torque slip clutch 
which will protect the syringe, gear train or 
blood vessel in case of obstruction of the out- 
let. These are connected in conventional 
fashion as indicated in Fig. 1 but are operated 
on 60 cycle current. When supplied with 15 
volts from any suitable transformer they 
draw about 200 milliamperes. Under these 
conditions they will maintain exact syn- 
chronization and the pump will deliver saline 
against any pressure up to about 500 mm 
of mercury. When the pressure developed in 
the pump system exceeds this value, syn- 
chronization will break and the driven Selsyn 
will slip backwards and lock at a new angle 
of rotation. When this happens the pressure 
falls abruptly and then builds up again as 
before. This process will be repeated indefi- 
nitely until the high back pressure or ob- 
struction is relieved. In Fig. 2 is shown the 
slow build-up of pressure and break of syn- 
chronization when the syringe outlet is pur- 
posely obstructed. Just before the slip occurs 
the current rises sharply which can serve as 
warning to the observer. Alternatively a re- 
lay operated buzzer or pilot light might be 
used for this purpose. A certain amount of 
adjustment in “slip” pressure may be obtained 
by varying the voltage applied to the Selsyn 
transformers. However, the electrical con- 
stants are not exactly reproducible because of 
inevitable variations in frictional resistance 
and small leaks. 

It appears from the blood pressure tracing 
in Fig. 2 that neither the magnitude of the 
pressure recorded nor the frequency response 
of the manometer has been affected by intro- 
duction of the pump irto the system. Prob- 
ably flow occurs only during diastole but this 
has not been determined. For successful 
operation it is essential that leaks in the sys- 
tem be kept to a minimum since the flow rate 
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FIG. 2 (Above). Pressure recording with the out- 
flow of the pump obstructed at the arrow. Time, 
20 sec/em. (Below) Blood pressure in femoral 
artery of an anesthetized cat. Time, 0.4 sec/em. 
The pump was connected to the system at the sig- 
nal. Note that no alteration of the high frequency 
components of the pressure waves occurs. 


is very small and the saline will follow the 
course of least resistance. The syringe must 
be lubricated to prevent back seepage between 
the barrel and the wall. For this purpose a 
wettable grease is necessary to avoid trapping 
of air bubbles and polyethylene glycol 1500 
has been found to be satisfactory. Luer-Lok 
fittings to polyethylene tubing were used for 
connection to animal and manometer. Luer 


TO BLOOD VESSEL 
FIG. 1. Schematic plan of infusion pump. Explanation in text. 


stopcocks frequently caused leakage and were — 
avoided. 

As set up in Fig. 1, the delivery of the 
syringe will be: 


(2.5 r.p.m.) X (25:ce/rev. of 
spur gear in block A) 


x 60 = 9.4 ec/hr. 
400 


This rate has been found to be sufficient to 
prevent clotting without heparin while re- 
cording blood pressure with the Sanborn 
Electromanometer continuously for 5 to 6 
hours. In order to increase the delivery rate 
at the same “slip” pressure a faster motor 
may be used. For intravenous infusion at a 
high rate and low “slip” pressure the reduc- 
tion box may have a smaller ratio. Exact 
control of the volume of infusion fluid is pos- 
sible if a synchronous motor is used to rotate 
the driven Selsyn. Any convenient gear shift 
mechanism could be added to increase flexi- 
bility. 

Although several infusion pumps are avail- 
able commercially it was felt that the pump 
described above might be of interest because 
of the protective mechanism, the freedom from 
damping and because it can be assembled. 
from relatively inexpensive standard com- 
ponents with a negligible amount of shop 
work. 


¢ Phipps and Bird, Richmond, Va.; Sanborn Co., 
Cambridge, Mass.; Metro Industries, L. I. City, 
Neve 
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(Introduced by J. A. Dye.) 


From the Department of Physiology, Woman’s Medical College of Pennsylvania., 


The introduction of the rabbit as a test ani- 
mal for insulin assay was followed shortly 
thereafter by the recognition of the unrelia- 
bility of convulsions in this species as a 
criterion of insulin potency(1,2). Neverthe- 
less the rabbit has been considered satisfactory 
for the demonstration of insulin-induced hypo- 
glycemic convulsions in many teaching labora- 
tories. For the last 5 years, however, adminis- 
tration of “convulsive” doses of insulin in this 
laboratory failed to elicit seizures. Examina- 
tion of possible changes in the origin and 
handling of rabbits in recent years yielded no 
definite clues to the cause of the extreme diffi- 
culty encountered. The source, breed, and 
diet of the animals had not been changed. 
That the problem was not merely a local one 
_ has been indicated by communications with 
workers in other parts of the country. Several 
reports in the literature have related varia- 
tions in insulin sensitivity to breed(3), color 
(4), age(4), size(1) and sex(5). Acton and 
Bose(3) found a much higher maximal blood 
glucose level after epinephrine administration 
in resistant groups and postulated that the 
increased protection against the effects of in- 
sulin was due to a higher compensatory epine- 
phrine output. Despite postulates by several 
workers(1,6) that differences in sensitivity 
were due to variations in liver glycogen, this 
had not been investigated in any systematic 
fashion. The following series of experiments 
was undertaken to study these aspects of the 
problem. 

Methods. Twelve rabbits, unselected as to 
breed and sex and weighing approximately 2 
kg initially, were used in these experiments. 
The animals were placed on the standard 
laboratory diet of rabbit pellets supplemented 
with fresh lettuce for 2 weeks before the ex- 
periments were started. Four procedures were 
carried out on each animal: 1) subcutaneous 
injection of regular insulin (Iletin, Lilly), 2 


* Present address, Department of Medicine, Jeffer- 
son Medical College. 


units/kg; 2) a repetition of this; 3) sub- 
cutaneous injection of 1:1000 epinephrine, 
0.25 ml(3); 4) terminal determination of liver 
glycogen immediately after induction of anes- 
thesia by nembutal injected intravenously. 
An interval of at least a week from the previ- 
ous experiment and a 24-hour fast preceded 
each procedure. By keeping conditions similar 
in this fashion and by starting each procedure | 
at the same time of day, it was believed that 
errors due to diurnal variations, etc. could be 
minimized. Blood samples were taken for 
glucose analyses before insulin or epinephrine 
administration and at hourly intervals there- 
after. When hypoglycemic convulsions oc- 
curred, they were rapidly terminated by intra- 
venous injection of 2 ml of 50% glucose. 
Glucose determinations, by the micro-method 
of Somogyi-Shaffer-Hartmann(7), were run 
on protein-free blood filtrates prepared by the 
method of Somogyi(8). That the glucose 
values obtained by this method represent true 
sugar was demonstrated by determining the 
difference in reducing substances in filtrates 
of rabbit blood before and after yeast fer- 
mentations. Glycogen was determined by the 
method of Good ef al.(9) with corrections 
made for non-fermentable reducing substances. 


Results and discussion. The data obtained 
in the above experiments divided the animals 
into two groups, those which exhibited con- 
vulsions at one time or another after insulin 
administration, the reactors, and those which 
did not, the non-reactors. Only 7 of the 12 
rabbits treated with so-called convulsive doses 
of insulin responded with convulsions. Table 
I presents a summary of the investigation of 
various metabolic factors of possible signifi- 
cance in this problem. 


Contrary to expectation and to postulates 
in the literature, the reactors and the non- 
reactors had almost identical liver glycogen 
values. It should be pointed out that gly- 
cogen was determined at a time of day com- 
parable to that of the initiation of the insulin 


144 INSULIN CONVULSIONS IN THE RABBIT 
TABLE I. Metabolic Factors of Possible Significance in Causation of Hypoglycemic Convulsions. 
a cae A aN ee ee 
7—— Insulin I—— ~— Insulin IT —_, — Epinephrine—_, Liver 
Min gly- Min gly- Max gly- glycogen, 
Initial cemia, % of cemia, % of cemia, % of terminal, 
wt, kg* mg% original mg %t  originalt me % increase 2% 
Reactors: 
# observations 7 7 7 6 6 if 7 7 
Mean value 2.1 17.6 22.4 6.0 7.3 196.0 169.6 31 
Stand. error a 4.0 5.0 1.5 1.6 11.4 18.3 14 
Non-reactors: z 
# observations 5 5 i) 5 i) 5 5 i) 
Mean value 2.8 27.8 37.6 29.6 35.2 195.2 174.0 33 
Stand. error 2 8.5 13.3 5.0 4.2 6.1 33.5 15 


* Significant difference between groups, P <.02. 


t Highly significant difference between groups, P <.001. 


tests, and that the values represented, as near- 
ly as possible, the stores upon which the ani- 
mal could draw when hypoglycemia developed. 
That factors other than those described by 
Acton and Bose(3) were operating in the 
present series was indicated also by the results 
of epinephrine administration, which might be 
considered an im vivo measure of liver glycogen 
or its availability. The values summarized in 
the table were examined not only by sta- 
tistical comparison of the means of the two 
groups but also in terms of possible relation- 
ships to body weight, initial blood glucose 
level and, in the case of epinephrine, dosage. 
No correlations were found. Although liver 
glycogen constituted a major carbohydrate 
reserve in the protection of the animal against 
hypoglycemia, it had little to do with whether 
convulsions occurred when hypoglycemia de- 
veloped. 

By definition, a low blood glucose level is 
a prerequisite for exhibition of hypoglycemic 
symptoms. It is perhaps surprising that no 
significant differences in the extent of hypo- 
glycemia were apparent between the rabbits 
which exhibited convulsions in the first insulin 
test and those which did not. All animals were 
hypoglycemic. An increase in insulin dosage 
would have affected the dyration rather than 
the depth of hypoglycemia(10). Contrary to 
the observation of Dotti(11) that fermentable 
reducing substances were absent from the 
blood during hypoglycemic convulsions, values 
of 7 and 18 mg % were found during such 
seizures On 2 separate occasions. However, at 
the time the samples were taken, convulsions 
per se had constituted an adequate stress to 


bring into play compensatory mechanisms; the 
glucose level which might have constituted the 
stimulus to convulsions was not assayed. One 
animal was outstanding in its ability to with- 
stand glucose levels of 0 to 11 mg % for pro- 
longed periods before convulsing. Convulsions 
were elicited only when the animals were hypo- 
glycemic, but the absolute glycemic levels did 
not appear to determine their appearance(2). 

Administration of a second dose of insulin, 
in most instances one week later, revealed an 
unexpected change in sensitivity in the re- 
actor group. Although there were no sig- 
nificant differences between values obtained 
in the first and second tests in the non-reactor 
group, the reactors exhibited a marked in- 
crease in sensitivity with significant differences 
obtained between Insulin I and Insulin II. 
In each individual case not only did the blood 
glucose fall to a lower level but it also fell 
more rapidly than in the first insulin test. This 
was not true of the non-reactors. The in- 
creased sensitivity observed in these experi- 
ments was probably related to the phenomenon 
of “education” to insulin reported by Sahyun 
and Blatherwick (4), the observation that rab- 
bits treated with convulsive doses of insulin at 
weekly intervals required lower doses of the 
hormone to produce seizures. The present 
series of experiments afforded no explanation 
of the phenomenon. 

This increase in sensitivity produced a seri- 
ous problem in the interpretation of the results 
of the second insulin test. Although the same 
factors were assayed in Insulin II as in Insulin 
I, highly significant differences between re- 
actors and non-reactors were demonstrated 
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statistically, because the change in sensitivity 
had occurred in only one group. In view of 
the negative results of the first insulin test, 
however, one must conclude that the glycemic 
level did not become the primary determining 
factor in the causation of convulsions when 
the test was repeated. 

The time at which convulsions occurred con- 
stituted another interesting aspect of the in- 
sulin tests. In 9 cases (5 rabbits) seizures 
took place within the 4 hours considered to be 
the period of maximal action of the hormone. 
In only 2 instances was the response delayed. 
One of the late reactors was the only animal 
which changed categories in the course of the 
experiments; although it did not react to the 
first dose of insulin, a week later a similar 
dose caused hypoyiycemic convulsions in 6.5 
hours. This might be another manifestation 
of increased insulin sensitivity. The other late 
reactor did not convulse until 7 hours after the 
first insulin administration, although its blood 
glucose level had remained below 11 mg % 
for 4 hours prior to this. 


Several other comparisons between reacting 
and non-reacting animals were made besides 
those included in Table I. Analyses of initial 
blood glucose levels in the two groups revealed 
no significant differences; the mean value for 
all experiments was 76.7 mg % with a stand- 
ard error of 2.0. There appeared to be no 
definite variation due to color or breed in 
these experiments; i.e., 4 Chinchillas, 2 New 
Zealand albinos and 1 Dutch rabbit were re- 
actors, 3 New Zealand albinos, 1 Chinchilla 
and 1 Himalayan were non-reactors. This 
observation constituted a difference from the 
experimental results of Acton and Bose(3) 
and a similarity to results reported in this 
country by Dotti(5). The fact that each of 
the 3 females studied exhibited convulsions 
can hardly be called significant or a confirma- 
tion of Dotti’s reported sex difference in view 
of the small number of females involved in 
the present experiments. There was no ob- 
servable difference in physical condition of the 
two groups. Coccidial nodules were present 
in the livers of 4 reactors and of 3 non-re- 
actors; however none of the animals had 
shown other signs of the infestation. 

The only other observation which had bear- 
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ing on the problem was the difference in 
weights of the animals. Intergroup compari- 
sons of the means of initial and terminal 
weights yielded P values less than 0.02 and 
0.05, respectively. If these were’ significant 
differences, this observation might afford par- 
tial explanation of the difficulties encountered 
in our teaching laboratory. The animals used 
in the demonstrations were usually large rab- 
bits which had been in the animal quarters for 
some time. 

On the other hand, it must be admitted that 
none of the observations made in the course of 
this study fully explained why half of the 
present series of animals developed convul- ' 
sions after insulin administration and the other 
half failed to show symptoms although their 
blood glucose levels were just as low in the 
first insulin test. As mentioned earlier, clearly 
more was involved in the elicitation of con- 
vulsions than the blood glucose level and/or 
its rate of fall. 

The observation that the categories estab- 
lished in the first insulin test, reactors and 
non-reactors, were borne out in the second 
insulin test, that with only the one exception 
each rabbit remained in the same group, has 
led to the conclusion that similar factors must 
have been operating in both tests to determine 
whether a given rabbit reacted or not. Results 
of the experiments indicate that the factors 
investigated did not determine into which 
category each animal fell. In view of recent 
studies of humans responding to hypoglycemia 
with convulsive seizures(12), one is tempted 
to question whether the differences in reactiv- 
ity may be a characteristic of the central 
nervous system and its excitability rather than 
a characteristic of only the metabolic-hor- 
monal pattern of the individual. This aspect 
of the problem awaits investigation. 


Summary. Of a group of 12 rabbits treated 
with “convulsive” doses of insulin, only 7 
responded with convulsions. Except for the 
occurrence of convulsions, the reactors could 
not be distinguished from the non-reactors in 
the glycemic response to the first insulin in- 
jection, in response to epinephrine adminis- 
tration, or in liver glycogen. Significant dif- 
ferences were obtained in body weights and 
in the glycemic response to the second in- 
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sulin injection. The latter was related to an 
unexplained increase in insulin sensitivity in 
the reactors. No change in sensitivity oc- 
curred in the non-reactors. 
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The extreme toxicity of botulinum toxin has 
long been known to be due to its paralytic 
action on skeletal muscle. Guyton and Mac- 
Donald(1) confirmed and extended the ob- 
servation that peripheral nerve conduction in 
toxin-paralyzed rabbits and guinea pigs was 
unimpaired. They also pointed out that the 
skeletal muscles of such organisms could con- 
tract if stimulated directly by electric shock. 
It seemed evident, therefore, that the toxin 
exerts its effect upon the neuromuscular junc- 
tion by blocking conduction (a) in the ter- 
minal fibers or (b) in the motor end plate 
(perhaps by inhibiting the release of acetyl 
choline from the end plate). Burgen, Dick- 
ens, and Zatman(2) demonstrated that the 
amount of acetyl choline released by a nearly 
toxin-paralyzed muscle was greatly decreased ; 
it was less than 15% of the original output. 
Brooks(3), using cat and guinea pig muscle, 
has presented preliminary evidence in favor 
of the blocking hypothesis (a). The present 
investigation was undertaken in the hope of 


* The opinions or assertions contained herein are 
the private ones of the writers and are not to be 
construed as official or reflecting the views of the 
Navy Department or the naval service at large. 

t Present address: Naval Medical Research Unit 
No. 1, Oakland, Calif. 


adducing more evidence for the site of action 
of the toxin. 

Materials and methods. The preparation 
used was the sartorius-sartorius nerve of the 
frog, Rana pipiens. The muscle was mounted 
in a lucite chamber and bathed with Frog 
Ringers. A water jacket maintained the 
temperature at 25°C. The muscle was stim- 
ulated indirectly via the sartorius nerve 
with short (0.1-0.3 msec) pulses of 1.5 
V amplitude obtained from a Grass S4A 
stimulator. The electric reactions of the 
muscle were detected with a platinum- 
iridium, glass-coated microelectrode, led off 
through a single stage cathode follower am- 
plifier mounted directly on the electrode. 
The signal was then carried through a differ- 
ential preamplifier with voltage gain of 1000 
and pass band of 0.2-40 KC and thence to a 
DC coupled amplifier with pass band of 0-100 
KC. The signal was displayed on one gun of 
a 3-gun CRO. Time signals were injected 
on the trace of another gun, operated from 
a common sweep generator. The time signal 
generator was calibrated against a crystal 
controlled pulse generator. End plate poten- 
tials were located by probing when the muscle 
was nearly paralyzed with toxin or by poison- 
ing the muscle with a 1 »M solution of curare 
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and moving the microelectrode until an end 
plate was found. After the muscle recovered 
from curare, type A botulinum toxin was ap- 
plied, the most convenient concentration be- 
ing 1.25 x 10° mouse LDs9/ml; this concen- 
tration poisoned the muscle in 3-4 hours. In 
several experiments check assays of the di- 
luted stock toxin solution were made on mice. 

Results. For a period of about 15 minutes 
after botulinum poisoning becomes evident 
(failure of a previously supramaximal stimu- 
lus to elicit a muscle action potential) 2 such 
stimuli delivered in close succession will cause 
a muscle spike (and contraction). This is the 
familiar summation of subliminal stimuli. If 
the toxin is paralyzing by blocking conduction 
in the terminal nerve fibers, then summation 
may be explained by the first stimulus electro- 
tonically increasing the excitability of the 
nerve on the distal side of the block and the 
second stimulus “jumping” the block, which 
results in a contraction of the muscle(4). It 
is obvious that only the stimulus artifact 
‘would be recorded in response to the first 
stimulus and in response to the second, a 
stimulus artifact followed by a muscle action 
potential. If, however, the action of the toxin 
is to depress the end plate mechanism, one 
might expect to observe a small end plate 
potential (insufficient to trigger the muscle 
spike) after the first stimulus. Summation 
could then be explained in terms of the acetyl 
choline theory. The first stimulus causes re- 
lease of a subthreshold quantity of acetyl 
choline which adds to that released by the 
second stimulus and contraction follows. 

Our observations lend support to the second 
hypothesis. In 6 experiments we consistently 
observed end plate potentials following the 
first “unsuccessful” stimulus (Fig. la). If a 
second identical stimulus is applied within 
4-18 msec, summation occurs and a muscle 
action potential is observed (Fig. 1b). If the 2 
stimuli are of the order of 20 msec apart, no 
summation occurs and 2 end plate potentials 
are recorded (Fig. Ic). It is possible of 
course that the terminal fibrils are poisoned 
secondarily, after the end plates have been 
poisoned. 

Burgen, Dickens, and Zatman(2) also have 
demonstrated that botulinum toxin affects 


147 


EEPSEPPEEDERGLER EEE ELYSEOR NEN REED EHH EEE HBRED DS OS OOREHOOEETRE EDD y, 


PIG age omens of a partially Rarilered a mncaete 
to electric stimuli, (a) An end plate potential in 
response to a single stimulus. (b), Summation of 
end plate potentials in response to 2 stimuli 11 
msee apart. (c) Two end plate potentials recorded 
in response to 2 stimuli 32 msec apart. 
Time: 0.28 msec marks. 
neither the enzymes acetylating choline nor 
choline esterase and that added acetyl choline 
will cause a toxin-paralyzed muscle to con- 
tract. It is most probable, therefore, that the 
paralytic effect of the toxin is due to poisoning 
of the mechanism which releases acetyl 
choline. 

Summary. The paralytic action of botu- 
linum toxin is due primarily to a depression 
of the motor end plate mechanism and not to 
a blocking of the terminal nerve fibers. The 
mechanism, whereby acetyl choline is re- 
leased, is probably inhibited. 
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In the course of studies of the mode of 
action of vit. A(1), it was noted that the 
unstable color which vit. A develops in the 
presence of many inorganic acids(2) often 
could be made more stable in a solution of 
amyl acetate. Perchloric acid was found to 
give the most intense color with vit. A and 
with carotene. On this basis a colorimetric 
method was devised, which makes possible 
the quantitative estimation of vit. A and of 
carotene in each other’s presence. 

Reagents. 1. Vit. A standard solution. 
Crystalline vit. A alcohol (Eastman-Kodak) 
or synthetic vit. A palmitate in corn oil 
(Hoffmann-LaRoche)t freshly dissolved in 
chloroform to a final concentration of 300 
pg/cc and serially diluted. A standard curve 
is prepared with 0.1 ml volumes of these solu- 
tions, corresponding to 3-30 pg of vit. A. 
2. Carotene standard solution. Carotene 
freshly dissolved in chloroform to final con- 
centrations of 30-300 ng/ml. The standard 
curve is prepared with 0.1 ml amounts of these 
solutions. 3. Amyl acetate. 4. Concentrated 
hydrochloric acid. 5. Perchloric acid reagent. 
Three volumes of a concentrated solution of 
perchloric acid (70-72% perchloric acid) 
diluted with one part of distilled water. After 
cooling, the reagent is stored at ice box tem- 
perature. 6. Absolute alcohol. 


Procedure. 1. Preparation of standard 
curves. Samples of 0.1 ml of the standard 
vit. A (3-30 wg) or carotene (3-30 ug) solu- 
tions are measured into test tubes and diluted 
with 1.6 ml amyl acetate. To this mixture 
0.4 ml concentrated hydrochloric acid is 
added. The tubes are shaken and allowed to 
stand at room temperature for 4 to 5 minutes. 
This is followed by addition of 2 ml perchloric 
acid reagent. Carotene gives a bluish-green 
color with a broad maximum absorption be- 


* This study was supported by U.S.P.H.S. 
+ Obtained through courtesy of Dr. S. Evert 
Svenson, Hoffmann-LaRoche, Inc. 
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tween 725 and 760 my. With vit. A an im- 
mediate blue color develops which almost in- 
stantaneously changes to a purplish red tint 
with a maximum absorption between 520 and 
530 mp. The contents of the tubes are mixed 
with 0.3 or 0.4 ml absolute alcohol with 
vigorous shaking until the layers become 
miscible. The purplish-red color of vit. A, 
although losing in intensity, is visible for 
25-30 minutes, after which it gradually turns 
yellow; the bluish-green color of carotene is 
somewhat more stable. The color was meas- 
ured at the same time, 5 to 15 minutes after 
addition of the perchloric acid reagent. A 
mixture, containing 0.1 ml of chloroform in 
place of the vit. A or carotene solutions, pre- 
pared simultaneously with the other standard 
mixtures, serves as a blank. The blank mix- 
ture gradually turns yellowish on standing. 
Three standard curves are drawn: Vit. A is 
measured at 525 my, carotene at 525 and 750 
my (Fig. 1). The curves follow the Beer-law 
in the above mentioned concentrations. 

2. Estimation of unknown amounts of vit. 
A and carotene. A sample is diluted with 
chloroform to the proper range in which de- 
terminations are to be carried out. The sub- 
sequent steps in the color development are the 
same as those for the standard solutions. 


400 4... CAROTENE AT 750 mp 6 
—-— CAROTENE AT 525 mp % 
—— VITAMIN A AT 525 mp 


121/2 25 50 100 
UNITS 


FIG. 1. Absorption curves of vit. A and carotene 


with perchloric¢ acid. 


DETERMINATION OF Vir. A AND CAROTENE 


When only carotene was present, the readings 
were made at 750 my. When the unknown 
contained vit. A only, readings were made at 
525 mp and the amounts read from the stand- 
ard curve for vit. A. In this case, determina- 
tions may be also carried out with the Klett- 
Summerson photoelectric colorimeter with 
filter No. 54. When both carotene and vit. A 
were present in the unknown, the following 
procedure was adopted: Readings were made 
at 525 mp» and 750 my. At 750 mp the ab- 
sorption of vit. A is negligibie and readings 
made at this wave length permit the direct 
quantitative estimation of the carotene present 
in the unknown sample. The reading which 
corresponds to these amounts of carotene at 
525 my is determined from the standard caro- 
tene curve (525 mp) and subtracted from the 
reading obtained for the unknown at 525 my. 
The resulting figure then is read from the 
vit. A standard curve and gives the amounts 
of vit. A in the unknown sample. Comparison 
with Sobel’s method(3) gave excellent agree- 
ment for vit. A in samples of fish liver oil. 
When 25 U of vit. A was added to a sample 
of fish liver oil containing 33 to 34 units, the 
recovered amounts were 58 to 60 units. Vit. 
D gave no color with the perchloric acid re- 
agent. 

Discussion. The color developed by vit. A 
in the presence of inorganic acids or some 
salts of strong acids (such as SbCl) is be- 
lieved to be due to the formation of a colored 
vit. A cation(2,4). In the course of this 
cation formation, the absorption of vit. A 
shifts from the ultraviolet region to longer 
wave lengths. The first color shift to the 
blue, as occurs in the Carr-Price method, in 
the first stage of Sobel’s method or in the 
present method, appears to be always very 
unstable. Only when a further shift to the 
purple region occurs, as in Sobel’s or the 
present method, is there a fair degree of 
stability of color. 
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Among the advantages of the present 
method is the ready availability and stability 
of the inexpensive reagents which may be of 
value in large scale determinations. The color 
developed with perchloric acid follows the 
Beer-law over wider ranges than the colors 
obtained with previous methods. One of the 
main drawbacks of the method is its relatively 
low sensitivity, as compared with previous 
methods. The slow, but continuous fading of 
the developed color may lead to a lesser de- 
gree of accuracy than that obtainable with 
other methods, unless readings are made at 
exactly the same time after addition of the 
perchloric acid and under the same conditions. 

Summary. A method is described for the 
quantitative colorimetric estimation of vit. A 
and carotene in each other’s presence. The 
method is based on the fact that the purple- 
red color developed by vit. A (maximum ab- 
sorption 525-530 my) and the bluish-green 
color developed by carotene (maximum ab- 
sorption 725-760 mp) in the presence of per- 
chloric acid, may be stabilized in a solution 
of amyl acetate. In a mixture of vit. A and 
carotene, carotene may be estimated directly 
by determining its absorption at 750 my; the 
amounts of vit. A may be calculated by sub- 
tracting from the absorption, measured at 
525 my, the absorption value which cor- 
responds to carotene at this wave length. 


The technical assistance of Miss Sondra Golomb 
is acknowledged. 
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Effect of Dermal Contact with Cold on the Coronary Circulation.* (20572) 


RosBert M. BERNE. 


From the Department of Physiology, Western Reserve University School of Medicine, Cleveland, O. 


It is well-known that patients with arterio- 
sclerotic heart disease and angina pectoris 
frequently experience precordial pain upon 
exposure to cold. The interpretation given 
this observation is that dermal contact with 
cold elicits a reflex constriction of the coronary 
arteries, and that the resulting myocardial 
ischemia is responsible for the chest pain and 
electrocardiographic changes(1,2). The ex- 
istence of such reflexes has not been estab- 
lished. The following study was initiated to 
determine the presence or absence of such 
reflex effects of cold on coronary blood flow 
(CBF) in the dog. 

Methods. Experiments were performed on 
pentobarbitalized open-chested dogs with res- 
piration maintained artificially. A small seg- 
ment of the circumflex branch of the left 
coronary artery was dissected free, cannulated 
near its origin, and perfused via the sub- 
clavian artery. Care was taken to maintain 
the integrity of the sheath of the artery. A 
blood reservoir and pump perfusion system 
were placed in parallel with the arterial per- 
fusion system in order to permit a selection 
of perfusion pressures, regardless of the dog’s 
mean aortic pressure(3). Coronary inflow 
was measured by an optically recording rota- 
meter(4). Aortic and mean coronary inflow 
pressures were registered by modified Gregg 
manometers. Temperatures, recorded from the 
right atrium and the coronary inflow cannula, 
remained constant throughout the experi- 
ments. 

Results. In 5 out of 6 preliminary experi- 
ments in which ice was placed in contact with 
one hind limb, no change in CBF, heart rate or 
arterial blood pressure was detected. In the 
6th experiment, CBF, aortic pressure, and 
heart rate increased while coronary perfusion 
pressure was held constant. In 10 subsequent 
experiments the strength of the cold stimulus 
was increased by immersing 1/3 to 2/3 of the 


* This investigation was supported by a grant 
from the Life Insurance Medical Research Fund. 


body surface in ice water. In all these experi- 
ments, contact with cold in the absence of 
changes in heart blood temperature produced 
an increase in CBF which was associated with — 
an increase in aortic pressure and/or heart 
rate. Fig. 1 is a plot of a representative ex- 
periment in which CBF, perfusion pressure, 
aortic pressure, and heart rate are plotted 
against time. Following immersion in ice 
water, CBF increased, and was associated 
with an increase in mean aortic pressure and 
pulse pressure. Adjustment of coronary per- 
fusion pressure to control levels at 5% and 
81% minutes resulted in a moderate reduction 
in CBF, but not to pre-immersion values. 
Heart rate showed no significant change in 
this experiment. In Table I are presented 
data on all 10 experiments. In the first 5 
experiments perfusion pressure was kept con- 
stant, yet CBF increased concomitantly with 
mean blood pressure and pulse pressure. In 
the last 5 experiments in Table I, either no 
attempt was made to regulate perfusion pres- 
sure or, for technical reasons perfusion pres- 
sure could not be held at control levels. 
Therefore, part of the increase in CBF in 
these experiments may be attributed to the 
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TIME IN MINUTES 

FIG. 1. Representative experiment illustrating the 

effect of partial immersion in ice water on coronary 

blood flow (CBF), perfusion pressure (PP), arte- 
rial blood pressure (BP), and heart rate (HR). 
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TABLE I. Cardiovascular Effect of Dermal Con- 
tact with Cold, 10 Experiments. 


Aortic Heart Perfusion 

pressure, rate, pressure, CBF, 

mm/Hg beats/min. mm/Hg e¢/min. 
Cont. 145/121 150 121 38 
Exp. 158/130 158 122 45 
Cont. 140/120 214 128 32 
Exp. <*156/125 214 130 51 
Cont. 145/126 160 124 46 
Exp. 170/147 154 124 57 
Cont. 154/127 182 131 46 
Exp. 187/149 187 129 59 
Cont. 134/119 158 126 35 
Exp. 146/126 iN 128 48 
Cont. 116/ 87 187 98 39 
Exp. 1237 95 193 103 48 
Cont. 140/119 158 123 45 
Exp. 177/147 194 145 100 
Cont. 141/126 200 129 48 
Exp. 161/138 200 140 66 
Cont. 147/113 158 125 59 
Exp. 162/122 157 132 65 
Cont. 134/103 154 117 31 
Exp. 148/117 158 129 35 


rise in perfusion pressure. 

It should be noted that in 8 experiments 
pulse pressure increased, whereas heart rate 
was significantly altered in only 2 experiments. 
Stimulation of the accelerator nerves follow- 
ing coronary artery cannulation produced an 
immediate increase in CBF in the cannulated 
vessel. 

Discussion. The increase in CBF observed 
upon immersion of the anesthetized dogs in 
ice water was associated with an increase in 
cardiac work as judged from the increase in 
aortic pressure, pulse pressure, and/or heart 
rate. With less intense stimulation (contact 
of hind leg with ice), CBF was unchanged, 
but cardiac work was also unchanged. In no 
instance did CBF decrease. Therefore, no 
evidence could be uncovered for reflex coro- 
nary constriction and the increase in CBF 
observed appeared to be related to the in- 
crease in cardiac work. 

Criticism may be leveled at these experi- 
ments because of the depressant effect of 
anesthesia upon reflexes and the possible 
severance of sympathetic nerves in cannula- 
tion of the coronary artery. However, anes- 
thesia was light; tendon and corneal reflexes 
were active; autonomic reflexes were also 
active, as evidenced by the reflex rise in blood 
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pressure and increase in heart rate upon con- 
tact with ice water. That sympathetic nerves 
were intact is suggested by the prompt in- 
crease in CBF obtained upon stimulation of 
the accelerator nerves. 

Cur results are at variance with those of 
Gilbert e¢ al.(5) who-reported small de- 
creases in CBF upon irrigation of the nasal 
mucous membranes with ice water. These 
investigators used the thermostromuhr and 
coronary sinus outflow technic to measure 
CBF in the decerebrate dog. Gregg(6) has 
pointed out that the thermostromuhr and the 
coronary sinus outflow technic are not accu- 
rate enough to attach significance to changes — 
of the order of magnitude observed by Gil- 
bert and coworkers. 

Application of our data to man must be 
made with caution. However, our findings 
offer no support for the clinical interpretation 
that chest pain and ECG changes appearing 
upon dermal contact with cold in patients with 
angina pectoris are due to reflex coronary 
artery constriction. The possibility of the 
failure of the sclerosed vessels to dilate in 
response to an increase in cardiac work has 
not been excluded. 


Summary. Dermal contact with ice water 
in the anesthetized dog failed to produce a 
reflex constriction of the coronary arteries. 
Exposure of small areas of body surface to 
ice water resulted in no changes in CBF, 
whereas immersion of 1/3 to 2/3 of the body 
surface in ice water produced an increase in 
CBF associated with an increase in cardiac 
work. 
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Relation of Thyroid Status to Nitrogen Excretion Following Exposure 
to Thermal Radiation.* 


ARTHUR W. WaAsE, HERBERT J. EICHEL, AND EVALYN REPPLINGER. 
(Introduced by M. John Boyd.) 


From the Division of Biological Chemistry, Hahnemann Medical College, Philadelphia, Pa. 


The well known negative nitrogen balance 
which follows severe burning has not yet 
been fully explained. The conclusion that it 
is a complex phenomenon, not related to any 
single biochemical event, appears to be justi- 
fiable when the reports of various investi- 
gators are considered(1-4). The increased 
excretion of steroids which accompanies the 
period of greatest nitrogen excretion(5,6) 
and observations relative to the thyroid (7,8) 
imply abnormal endocrine functions dur- 
ing the post-burn state. Endocrine involve- 
ment is to be expected in view of the alarm 
and stress reactions(9) which the organism 
undergoes with thermal trauma. Our experi- 
ence that thyroid activity (as measured by 
radio-iodide uptake) of burned animals devi- 
ates from normal(10), and the study of Grib- 
ble and Peters(8) which suggested the in- 
creased nitrogen excretion to be related to 
altered thyroid status, demanded that these 
biochemical parameters be measured in intact 
animals with normal, hypo- and hyperthyroid 
status. 

If the activity of the thyroid is related to 
the increased nitrogen excretion which follows 
thermal assault, then changes in nitrogen out- 
put in hypo- and hyperthyroid burned rats 
should differ from that of euthyroid burned 
animals. Euthyroid nitrogen excretion (post- 
burn) should approach that of the hyper- 
thyroid rats, whereas nitrogen output of the 
hypothyroid beasts should show little change. 
The following study was made to test this 
hypothesis. 

Experimental. Three groups of adult male 
rats, twelve rats per group, were selected for 
uniform body weight (190-210 g) and fed an 
18% casein ration(11). One group received 
0.5% desiccated thyroid (Armour) in the 
basal diet. The second group received 0.5% 


* These studies were sponsored by a grant from 
the Armed Forces Special Weapons Project. 
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thiouracil, whereas the third group received 
no additions and served as controls. Paired 
feeding was employed throughout with the 
thiouracil-fed rats acting as the limiting group 
from the beginning. Three-day nitrogen bal- 
ances were measured starting on the 21st day 
of these dietary regimes and on the 28th day. 
By this time all 3 groups were in comparable 
states of negative nitrogen balance as indi- 
cated in Table I. On the 34th day half of the 
animals in each group were shaved and burned 
by one minute exposure of 20% of the total 
body surface (midriff) to dry heat emitted 
from an array of six 150 watt electric lamps 
concentrically arranged. The caloric flux of 
this device has been estimated to be the order 
of 14-15 g cal per cm? per minute. After 
burning, a third 3-day nitrogen balance was 
then measured. Thyroid status of the 3 un- 
burned groups was evaluated by I"! uptake 
at the end of the experiment. Methods of 
radioassay have been described elsewhere(10). 

Results. As indicated in Table I, burned 
hyperthyroid rats excreted 50% more urinary 
nitrogen than did unburned hyperthyroid ani- 
mals. Total nitrogen excretion of the burned 
rats of this group increased 19%, nitrogen bal- 


TABLE I. Nitrogen Metabolism in Relation to 
Thyroid Status Pre- and Post Burning. 
(All values as mg N/100 g body wt.) 


Period, Fecal Urinary N. 


Group day N. N. balanee 
Hyperthyroid 21st-24th 588 577 —1089 
Euthyroid SY 626 462 —1020 
Hypothyroid # 454 358 — 749 
Hyperthyroid 28th—31st 399 173 — 536 
Buthyroid a 339 178 — 482 
Hypothyroid i 355 163 — 485 
Hyperthyroid b* 34th-37th 644 366 — 925 

se ¢ 2 605 243 — 754 
Euthyroid b i 577 349 — 851 

My @ i 474 151 — 544 
Hypothyroid b mY 474 217 = ly) 

i 6 2 560 184 — 654 


*b = burned; e — control. 


THYROID AND THERMAL RADIATION 
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1 BURNED 

VS UNBURNED 
FIG. 1. Comparison of nitrogen excretion of hyper- 
and hypothyroid rats (burned) with euthyroid 


rats. I"N, fecal nitrogen; UN, urine nitrogen; 
TN, total nitrogen; NB, nitrogen balance. 
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ance, 23%. Euthyroid burned rats excreted 
131% more urinary nitrogen, 49% more total 
nitrogen, and nitrogen balance increased nega- 
tively 57%. The urinary nitrogen, total nitro- 
gen and nitrogen balance of the burned hypo- 
thyroid rats varied +-18%, —7% and —5% 
when compared to unburned hypothyroid con- 
~ trols. The deviations of hyperthyroid and 
hypothyroid rats from euthyroid animals is 
summarized in Fig. 1. The I'*! uptake by the 
thyroids of the hypothyroid rats was about 
3% of euthyroid (100%), whereas the uptake 
by the hyperthyroid animals was 6.9%. Only 
the burned euthyroid rats showed significant 
changes in J'*! uptake (Table II). These re- 
sults confirm the thyroid status of each group 
GWA 

Discussion. The data presented here indi- 
cate thyroid status to be related to the in- 
creased nitrogen catabolism which follows 
severe burning. This is in agreement with the 


TABLE I. I Uptake by Thyroids of Burned 
and Unburned Rats. 


% of 
epm/avg euthyroid 
Group thyroid (unburned) 
A. Unburned 
Hyperthyroid 139 6 112* 6.9 
BHuthyroid 2015 + 45 100 
Hypothyroid 64 = 67 3.2 
B. Burned 
Hyperthyroid 210 + 15 10.4 
Euthyroid 3569 + 59 177.3 
Hypothyroid 544 7 2.7 


* Stand. error. 
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findings of others(8) who have shown no sig- 
nificant differences in the nitrogen excretion 
of burned thyroidectomized rats. Their re- 
sults are similar to those obtained with the 
hypothyroid rats in this study. The stimula- 
tion of thyroid activity following burning(10) 
does appear to bear some relation to the 
greatly increased nitrogen excretion. The 
fact that burned euthyroid rats excreted near- 
ly as much nitrogen as the burned hyperthy- 
roid rats suggests that these groups were 
catabolically equal. I?*! uptakes by the thy- 
roids of these two groups indicate the hyper- 
thyroid group to have taken up much less 
iodide than did the burned euthyroid rats. 
This supports the hypothesis that nitrogen 
catabolism in the post-burn state is related to 
changes in thyroid activity. Thus the insig- 
nificant changes in the nitrogen catabolism of 
the burned hypothyroid rats should be an 
indication of a less active thyroid. This is 
apparent in view of the low uptake of radio 
iodide by the thyroids of the group, which was 
only 6.9% of that of the burned euthyroid 
rats. These studies do not rule out the 
probability of other endocrine functions being 
involved in initiating or perpetuating the ab- 
normal protein catabolism of the post-burn 
state. 


Summary. Protein catabolism in the post- 
burn state appears to be closely related to 
thyroid status. The post-burn nitrogen excre- 
tion of euthyroid rats approached that of 
hyperthyroid animals, whereas nitrogen cata- 
bolism of hypothyroid rats was practically un- 
changed. 
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Effect of Sodium 5-Allyl-5-(1 methylbutyl) 2-Thiobarbiturate on Uptake 


of [31 by Rat Thyroid. 


ARTHUR W. WASE AND JACK GREENSPAN. 
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(Introduced by M. John Boyd.) 


From the Division of Biological Chemistry, Hahnemann Medical College, Philadelphia, Pa. 


Recent observations(1,2) indicated sodium 
ethyl(1-methylbutyl) thiobarbiturate (Pento- 
thal), a commonly used anesthetic agent, to 
reduce the I! uptake by rat thyroid to the 
extent of 89%. The reduced uptake was not 
found to be related to the anesthetic effect, 


since other anesthetics not containing a 


—NH-C=N-— : ¢ : : : 
7] grouping did not impair I’*? in- 


SH 

corporation into the thyroid. It was decided 
to test another commonly used sulfur contain- 
ing anesthetic (3,4), sodium 5-allyl-5 (1 meth- 
ylbutyl) 2-thiobarbiturate (Surital) to deter- 
mine its effect on the I'*! trapping mechanism 
and particularly the chemical partition of 
J! in the thyroid gland. 

Methods. Eight adult male rats of the 
Wistar strain (180-205 g) were given Surital 
(40 mg/kg) intraperitoneally. Sixty minutes 
later, each animal was given intraperitoneal 
injections of 2 we of carrier-free radioiodide 
(I1*1) contained in one ml of physiological 
saline. In addition, 8 male rats of comparable 
weight were given I'*! only to serve as con- 
trols. Four hours post administration of the 
I7*!, the animals were sacrificed by a sharp 
blow on the head, the thyroids removed, 
stripped of adherent tissue. Mounting and 
radio assay technics have been described else- 
where(2). Results are expressed as counts 
per minute (cpm) per milligram of tissue. 
Thyroids from each group were pooled imme- 
diately following radio assay and digested in 
3.5 N KOH for 8 hours on the water bath. 
The alkaline digests were fractioned with 
n-butanol by the method of Tong and Chai- 
koff(5) with minor modifications. The radio- 


activity of these fractions was determined 
under conditions of identical geometry. 
Counting was continued to give a statistical 
error of 2% or less. Results are expressed as 
the percentage of total recovered radioactivity 
from the thyroid hydrolysate. 


Results. The data in Table I indicate that 
Surital markedly inhibits the uptake of I!*4 
by the rat thyroid. Table II shows that al- 
though the total incorporation into the in- 
organic, di-iodotyrosine and thyroxine frac- 
tions was much lower in the Surital treated 
rats than in the controls, the ratio of 113! 
among these fractions is essentially the same. 

Discussion. Obviously, the inhibition of 
[1 uptake in the presence of Surital is a 
reaction which prevents iodide from ultimately 
combining with thyro-protein, (a) by in- 


TABLE I. Effect.of Surital on I*** Incorporation 
into Rat Thyroid.* 


epm/mg % 

thyroid controls. 
Control animals 107.1 + 11.8t 100.0 
Surital-treated animals 10.4+ 1.5 Qi 


* Avg of 8 animals. 
+ Stand. error of the mean. 


TABLE II. Partition of Recovered It in Alkaline 
Hydrolysates of Pooled Rat Thyroid Tissue. 


— 
y——Control_,___ ,-—_Treated—_, 


% of re- % of re- 
Thyroid covered covered 
fraction epm Ay cpm es 
Todide 2860 56.9 320 54.1. 
Di-iodotyrosine 1400 27.9 196 33.1 
Thyroxine 760 15.2 76 12.8 
Totals 5020 100.0 592 ~=100.0 


asapieticd 


LEUCINE INCORPORATION BY ANTIBODY 


hibiting the oxidation of I- to Is or (b) by 
reacting with I to form some other compound 
so making the iodine unavailable to thyroid 
cells(6). The same ratio of activities among 
the thyroid fractions from both groups of rats 
suggests that Surital does not interfere with 
thyroxine synthesis in the cells. Iodine has 
been shown to react with thioureas and thio- 
uracil derivatives(7), the reaction being not 
always stoichiometric. This suggests that 
iodine may react with the thiobarbiturate 
forming a complex substance from which the 
iodine cannot be assimilated by the thyroid 
gland. The action of Surital probably follows 
the mechanism of action of other antithyroid 
drugs(6). This study suggests that’ clinical 
evaluation of thyroid status via I’! uptake 
should exclude previous treatment with thio- 
barbiturate anesthetics. 
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Summary. 1. Surital markedly reduces the 
incorporation of I/*1 into rat thyroid. 2. The 
proportion of recoverable I'*1 in the inorganic 
and organically bound fractions of thyroid 
alkaline hydrolysate is essentially the same for 
control and Surital treated rats. 
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An important question in the physiological 
behavior of proteins is whether proteins can 
exchange amino acids without losing their 
original identity. Antibody protein offers an 
excellent tool for this problem since such pro- 
teins can be introduced into the circulation of 
an animal and removed after suitable time 
and specifically recovered by precipitation with 
a homologous antigen. Heidelberger e¢ al.(1), 
carried out an investigation of this type by 
feeding N* labeled glycine to rabbits which 
had been given an injection of antipneumococ- 
cus rabbit serum. Although subsequent an- 
alysis of their passively transferred antibody 
precipitates gave heavy nitrogen values which 
were slightly higher than experimental error, 
they concluded a priori that this was the re- 


* This work was supported in part by the Rocke- 
feller Foundation and in part by the National 
Institutes of Health. 
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sible. 


sult of non-specific absorption of other 
serum constituents which had taken up con- 
siderable amounts of the labeled glycine. 
When C! became available, Kooyman and 
Campbell(2) reinvestigated this problem by 
injecting C'* labeled leucine into rabbits 
which were also given injections of several 
different antibodies. Their results indicated 
that passively transferred homologous anti- 
body acquired considerable radioactivity after 
several days. However, as a result of some 
subsequent investigations, the question arose 
as to whether this activity might not be the 
result of absorption of non-specific serum pro- 
teins as Heidelberger e¢ al. had thought pos- 
In view of this possibility the follow- 
ing investigation was carried out to repeat 
the previous studies with leucine but to study 
the problem of contamination more carefully. 


Materials and methods. Synthesis of C14- 
labeled leucine. The synthesis of leucine was 
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carried out by the method developed by Dr. 
Kooyman with only a few minor modifications. 
This method consisted essentially of reacting 
a solution of isoamyl magnesium bromide with 
dry carbon dioxide generated from radioac- 
tive barium carbonate.+ The resulting iso- 
caproic acid was brominated, treated with 
liquid ammonia and the leucine obtained was 
recrystallized as described by Marvel(3). The 
details of this synthesis are hardly necessary 
at this time since Borsook e¢ al.(4) have de- 
scribed a superior method using the Strecker 
synthesis. 

Determination of radioactivity. Protein 
samples were dried with alcohol and ether and 
deposited as a fine powder on counting plan- 
chets. Complete drying was necessary in 
order to obtain uniform surfaces on the sam- 
ples. All the preparations gave similar self- 
absorption curves. Radioactivity determina- 
tions were made with a Geiger-Mueller coun- 
ter using a Tracerlab 64 scaler. The Geiger 


tube had an end window thickness of 1.4 mg. 


per cm”. The final values were corrected to 
counts per minute per 10 mg of sample mak- 
ing the necessary correction for self-absorp- 
tion. 

Experimental. The first experiment was 
made on an 8 lb rabbit (rabbit 63) which had 
been receiving immunizing injections of bo- 
vine globulin p-azophenylarsonate (RBG). 
The last immunizing injection was given on 
the day that the experiment started. Intra- 
abdominal injections each consisting of 30 ml 
of a 1.0% solution of the labeled leucine were 
then given to this rabbit on 3 consecutive days 
(day 0, 1 and 2). The leucine solution was 
sterilized by filtration and showed an activity 
of about 10° counts per ml per minute in the 
counter used. On day 3 the rabbit received 
2 intravenous injections of a rabbit antioval- 
bumin globulin solution spaced about 6 hours 
apart. This amounted to a total of 27 ml of 
solution containing 33 mg of protein per ml 
and approximately 6 mg of precipitable anti- 
body per ml. On the next day (day 4) the 
animal received 11 ml of horse anti-SSS I and 
II refined serum (Lederle Labs., Inc.) which 
contained 49 mg of protein per ml and 12.5 


¢ Obtained from the Oak Ridge National Labora- 
tory operated by Union Carbide and Carbon Corp. 
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TABLE I. Radioactivity of Antibody Proteins 

from Rabbit 63, Immunized against Bovine Globu- 

lin p-Azophenylarsonate and Injected with C™- 
Labeled Leucine. 


Counts/min. 
Bleed Wt, mg Counts/min. /10 mg 
Active antibody—anti-RBG precipitate 
1 4.3 BOW (ee 280, 81 
2 10.8 58.3 + 2.5 68 
3 18.6 36.8 + 2.0 32 
Passive homologous antibody— 
antiovalbumin precipitate 
i 2.7 so eectaelelt 
Repeat 1.6 +1.8 
2.7 .06 + 1.0 
Repeat 125+ .8 
2 2.4 —10 + 1.0 
3 6.5 AVE SS 8} 
Passive horse antibody— 
anti-SI SII precipitate 
1 9.4 8.0 + 4 10 
2 2.4 AOE as ee 8 


Errors given are all 9/10 statistical error. 


mg of precipitable antibody to type I pneumo- 


‘coccus polysaccharide and 17.0 mg of pre- 


cipitable antibody to type II pneumococcus 
polysaccharide per ml. On day 5, 70 ml of 
blood were taken from the rabbit’s ear and 
this was defibrinated by shaking with glass 
beads. The rabbit then received 35 ml of 
sterile saline. On day 7 60 ml of blood were 
taken from the ear and defibrinated. The 
defibrinated blood samples were centrifuged 
and the serum was removed. Small portions 
of the serum samples were titrated with bo- 
vine globulin p-azophenylarsonate to de- 
termine the optimum ratio. Using this ratio 
the active antibody was precipitated from 20 
ml portions of the sera. The samples were 
allowed to remain 48 hours in the refrigerator 
and the precipitate was then centrifuged down, 
washed 3 times with cold saline, and prepared 
for counting. Background was determined 
before and after each sample was counted. 
The radioactivities measured with the nine- 
tenths statistical error are given in Table I. 
As is shown the RBG antibody precipitates 
contained appreciable amounts of radioac- 
tivity. 

In the earlier work the question was raised 
as to the effect of complement and perhaps 
other non-antibody protein being bound by 
the precipitates. The presence of radioac- 
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tive material would have little effect upon the 
specific activity of the active antibody precipi- 
tate but could have an effect on precipitates of 
low specific radioactivity. Assuring the re- 
moval of a material as complex as complement 
would be very difficult, for although comple- 
ment activity is destroyed by heating, the in- 
active form might still be absorbed. However, 
supernatants from the active antibody precipi- 
tations which should have little complement 
activity, if any, were heated at 56°C for half 
an hour. They were then tested in the stand- 
ard manner for complement activity(5) and 
found to be negative. This still did not com- 
pletely assure the removal of any material 
which might be carried down with the pre- 
cipitates in a more or less non-specific man- 
ner but it at least made it rather unlikely. 
The solutions were recentrifuged and titra- 
tions were run with ovalbumin to determine 
the optimal ratios for precipitating the passive 
rabbit antibody and the precipitations and 
counting were carried out as for the active 
antibody. Ina similar manner the horse anti- 
bodies were precipitated with a mixture of the 
two polysaccharides in the optimum propor- 
tions and counted. The results are also shown 
in Table I. It was found that the passive 
homologous antibody contained little or no 
activity but the horse antibody precipitates 
contained some activity. This of course is 
believed.to be due to the absorption of other 
serum components. 

These results were contrary to the earlier 
work of Kooyman and Campbell and it was 
decided to repeat the experiment with the 
same animal. The rabbit received a few more 
injections of the immunizing antigen and then 
on day 24 it received an intraperitoneal injec- 
tion of 30 ml of the 1% tagged leucine solu- 
tion. Over the next 2 days it received 4 intra- 
venous injections of 10 ml of a rabbit antio- 
valbumin serum which contained about 4 mg 
of precipitable antibody per ml. On the next 
(day 27) 55 ml of blood were taken from the 
animal and this was treated in the same man- 
ner as were the previous samples. The re- 
sults are given in Table I and again show that 
the transferred rabbit antibody contained no 
radioactivity. 

For a further check on the above results 
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the experiment was repeated with a different 
animal and different antigen-antibody systems. 
A healthy female rabbit (Rabbit 361) weigh- 
ing about 7 lb received a long series of injec- 
tions of crystalline bovine serum. albumin 
(BSA) solution and had a high titer of anti- 
bovine serum albumin antibodies. On the 3 
days following the last immunizing injection 
(day 0, 1 and 2) it received 27, 24 and 20 ml 
of a 1% solution of the labeled leucine. On 
the next 2 days (day 3 and 4) it received 4 
10 ml intravenous injections of a solution of 
rabbit anti-bovine globulin p-azophenylarson- 
ate serum. This material gave 10.9 mg of 
precipitate per ml when titrated with bovine 
globulin p-azophenylarsonate. The rabbit 
was then bled on days 5, 6, 13, 20 and 27 
taking 40, 65, 40, 30 and 30 ml of blood on 
the respective days. The bleedings were all 
from the ear and after each bleeding the ani- 
mal received an intraperitoneal injection of 
sterile saline. Between the third and fourth 
bleedings the immunizing injections with 
bovine serum albumin were again continued. 
The serum from the bleedings 1 to 5 gave 3.8, 
1.8, 2.1, 1.6 and 0.0 mg of precipitate per ml 
when titrated with BSA and 1.8, 1.0, 0.0, 0.0, 
0.0 mg of precipitate per ml when titrated with 
RBG. The samples were treated in the same 


TABLE II. Radioactivity of Antibody Proteins 
from Rabbit 361, Immunized against Bovine Serum 
Albumin and Injected with C“-Labeled Leucine. 


Counts/min. 
Bleed Wt, mg Counts/min. /10 mg 
Active antibody—anti-bovine serum a 
albumin precipitate 
1 9.5 29.0 + 1.4 36 
2 10.8 34.5 + 1.4 40 
3 6.7 1a 1A) 2] 
4 Tal 18+ .4 16+5 
5 No antibody 


Passive antibody—anti-RBG precipitate 


1 18.0 2.8 + 1.5 2 
2.2 + 1.0 
2 9.4 3.8 + 1.0 5) 
3, 4,5 No antibody 
Recounts 
Is 10.8 abe AG) 2 
De oeetee 0) 
2 6.2 9+ 1.2 13) fam 
Repeated with fresh material 
2 9.6 24) = el 3 


Errors given are all 9/10 statistical error. 
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manner as before, checking for complement 
activity after the removal of the active anti- 
body. In all cases the active antibody was 
precipitated first. The amount of radioac- 
tivity in each precipitate is given in Table II. 
It is to be noted that the passive antibody in 
this case did show some radioactivity although 
not as much as was found in the earlier work. 
To determine if this radioactivity was merely 
the result of absorption the passive antibody 
precipitates were resuspended in saline and 
again washed by the procedure outlined. The 
material from the second bleeding showed a 
real decrease in the amount of radioactivity. 
A different sample of the passive antibody ma- 
terial from the second bleeding was washed in 
a more thorough fashion than the other sam- 
ple and it was found to contain an intermedi- 
ate amount of radioactivity. The data are 
shown in Table II. 

It seemed of interest to compare the amount 
of radioactivity in the antigen-antibody pre- 
cipitates with that present in the other blood 
components that were available. The fibrin 
from each bleeding was washed, dried, and 
pulvarized and then rewashed and samples 
for counting were prepared in the same way 
as the antigen-antibody precipitates. The 
fibrin activities are given in Fig. 1 and 2. 
Samples of the erythrocytes from each bleed- 
ing were washed repeatedly with saline and 
were laked with distilled water. Ninety-five 
per cent ethyl alcohol was added to the clear 
solutions and the precipitates were centrifuged 
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FIG. 1. Radioactivity of various blood proteins in 
rabbit 63—immunized against bovine globulin p- 
azophenylarsonate and inj. with C*-labeled leucine. 
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FIG. 2. Radioactivity of various blood proteins in 
rabbit 361—immunized against bovine albumin and 
inj. with C-labeled leucine. 


out. The precipitates were treated in the 
same manner as the other materials and as- 
sayed for radioactivity. The amounts of 
radioactivity found are given in Fig. 1 and 2. 
The supernatants from the antibody precipi- 
tations were treated with alcohol and the 
resulting precipitates were likewise treated, 
mounted, and assayed for radioactivity. The 
amounts Of radioactivity found in this ma- 
terial are also given in Fig. 1 and 2. The data 
for the antigen-antibody precipitates is also 
plotted in Fig. 1 and 2. 

Discussion. ‘The results obtained in these 
experiments on the incorporation of a C!# 
labeled amino acid by rabbit antibodies are 
essentially what one would predict from the 
heavy nitrogen experiments of Heidelberger 
et al.(1) and support their conclusion that the 
passive antibody does not incorporate the 
labeled amino acid. As shown above, in some 
cases the passive antibody material did con- 
tain some C™ but this could be removed at 
least to some extent by extended washing of 
the precipitate and would thus seem to be non- 
specific. It is to be noted that the passive 
horse antibody was even more radioactive than 
the passive rabbit antibody, again indicating 
that the effect is non-specific. In general great 
care must be exercised in evaluating the mean- 
ing of radioactivity in precipitates such as ob- 
tained in these experiments. A great deal of 
the radioactivity may be non-specific(6). This 
may or may not account for the earlier results. 
In some of the earlier experiments the passive 
antibody was precipitated before precipitating 
the active antibody and one might expect more 
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non-specific material to be brought down in 
the first of a series of antigen-antibody pre- 
cipitations. 

It is possible to estimate the half life of 
the different serum constituents from curves 
similar to those of Fig. 1 and 2 if it is assumed 
that the radioactivity is not part of a mole- 
cule that is reutilized to make more of the 
same material. However, as large samples of 
blood were taken at each bleeding the data are 
not too significant in this regard. It is inter- 
esting to note that the red cells are still in- 
corporating activity when the activity of the 
other serum constituents is decreasing rapidly. 

These results confirm those of Schoenheimer 
and Heidelberger. The normal constituents 
of a rabbit’s serum incorporate radioactivity 
given in the form of an amino acid at a very 
rapid rate. Passively transferred antibodies 
either do not incorporate this radioactivity to 
any marked extent or else do so only upon the 
loss of their specific antibody characteristics. 

Summary. C-labeled leucine has been 
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administered to immune rabbits. It has been 
found that while the normal serum components 
incorporate the C™ activity passively trans- 
ferred antibody does not. 
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Cortisone acetate has a marked, character- 


* Much of the 11-alpha hydroxy epimer of hydro- 
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E. R. Squibb and Sons, New Brunswick, N. J. 
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+ The authors wish to express their appreciation 
to Dr. Thomas Gallagher for help and advice. 

{This work was aided by a grant from the 
National Cancer Institute, U. S. P. H. S., and was 
carried out during the tenure of a Damon Runyon 
Senior Clinical Research Fellowship. 


istic effect in modifying and inhibiting growth 
of the developing chick embryo(1). Because 
of the specificity of this effect, the chick em- 
bryo has been used to examine related steroids 
for “cortisone activity”(2,3), and affords a 
useful and simple method for testing com- 
pounds for adrenocortical activity. Com- 
pound F (17-hydroxycorticosterone) acetate 
was found to be 50 to 100 times more active 
than cortisone acetate in the chick embryo 
and the newly-hatched chick(4); this marked 
difference was not noted in comparative stud- 
ies on mammals. 

The growth-inhibiting dose of hydrocorti- 


§ Senior Assistant Surgeon, National Cancer Insti- 
tute, National Institutes of Health, Bethesda, Md. 
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TABLE I. Effects of Hydrocortisone Acetate and 1l-alpha (Hydroxy Epimer) of Hydrocorti- 
sone (‘‘Epimer’’) when Injected onto Chorioallantoic Membrane of the 8-Day-Old Chick 
Embryo. 

DS EE Ee ——————— 
No. surviving, 


sacrificed Avg steroid ef- 

Dose/egg, mg No. eggs at 18 days Avg wt, g fect ‘‘Stage’’ 
Controls 20 17 17.4 + 2 0 
‘¢Hpimer?? 

‘BA 6 5 17.8 =5 <8 0 

2 11 11 URE See 17 0 

5 27 13 15.4 + 2.8 0 
Hydrocortisone acetate 

.005-.01 13 ial 16.7 + 3.24 0 

02 28 21 10.0 + 2.4 1.5 +1 
Combination 

Epimer, 5 ] ° 

Hydrocortisone + 20 10 9:0 =2 "2:2 Qe 


acetate, .02 J 


sone acetate is in the range of 0.01 to 0.02 
mg/egg; free hydrocortisone is about 1/5 as 
active (0.1 mg/egg). The high activity of 
hydrocortisone in the chick embryo made this 
organism particularly useful for studying the 
effects of analogues of hydrocortisone. This 
report describes the inactivity of the 11-alpha 
hydroxy epimer of hydrocortisone in the 
chick embryo; this was also confirmed by 
another procedure, whereby the 11l-alpha 
epimer, hydrocortisone and cortisone were in- 
jected into human skin lesions in which the 
latter steroids previously had been found to 
induce regressions(5). 

Materials and methods. White Leghorn 
embryos were used and incubated at 38°C 
at a relative humidity of 85%. The test 
steroid was suspended in saline and inoculated 
on the chorioallantoic membrane (CAM) of 
the 8-day embryo. In some cases, where it 
was necessary to test large amounts of 
steroid, the substance was applied directly as 
a powder onto the CAM. The CAM was 
examined when the embryo died or was sacri- 
ficed and, in most cases, it was grossly clear, 
indicating the steroid had been absorbed. 
The eggs were candled daily and the dead 
embryos examined grossly. Embryos surviv- 
ing to 18 days were weighed, and the degree 
of steroid effect graded according to the 
method previously described(1). This grad- 
ing system extends from Stage I (slight ef- 
fect), Stage II (definite effect), to Stages III 
and IV (the maximum degree of adrenocor- 
tical steroid effect). Several experiments 


were done with each compound. The results 
obtained were pooled and analyzed together. 
While the trend of the experiments was sim- 
ilar, the fact that several experiments were 
pooled explains in part the wide standard 
deviations in the data. 

For the clinical study, two patients were 
selected with multiple skin lesions, measuring 
5 to 15 mm. One was a 27-year-old colored 
female with disseminated Boeck’s sarcoid of 
5 years duration; the other a 72-year-old 
white male with generalized Hodgkin’s dis- 
ease. The nature of the lesion was estab- 
lished by microscopic examination of a skin 
biopsy. Selected skin lesions were infiltrated 
with 0.1 cc of a suspension of the following: 
a) 5 mg (50 mg/cc sol.) and 2.5 mg (25 
mg/cc) of hydrocortisone acetate. b) 5 mg 
(50 mg/cc) and 2.5 mg (25 mg/cc) of cor- 
tisone acetate. c) 5 mg (50 mg/cc) and 2.5 
mg (25 mg/cc) of the 11l-alpha epimer of 
hydrocortisone. d) 0.1 cc of the cortisone and 
hydrocortisone suspending agent, and 0.1 cc 
of a 1% solution of carboxymethylcellulose 
used to suspend the 11-alpha hydroxy-epimer 
of hydrocortisone. 

Results. 1. Lack of adrenocortical activity 
of 11-alpha hydroxy epimer of hydrocortisone 
in the chick embryo. The “epimer” was ap- 
plied to the CAM in a solution, in most cases, 
but as a powder at the high doses. Table I 
shows that doses of “epimer” ranging from 
0.5 to 5 mg per egg were without demonstra- 
ble growth-inhibiting or adrenocortical activ- 
ity in the chick embryo. At 5 mg there was a 
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slight suggestion of growth-inhibition. Em- 
bryos did not tolerate larger doses of the 
“epimer” in most cases. Three embryos, 
however, that survived 10 mg doses of the 
“epimer” showed slight growth-inhibition and 
questionable evidence of an adreno-steroid 
effect. It is concluded that the 11-alpha 
hydroxy epimer of hydrocortisone at tolerated 
doses is without appreciable adrenocortical- 
like activity in the chick embryo. 

2. Lack of effect of the “epimer” on skin 
lesions in man. The skin lesions infiltrated 
with steroids gave the following results: a) 
hydrocortisone acetate caused complete or 
nearly complete regression within 7 days. 
b) cortisone acetate produced a significant 
reduction of 50 to 70% in size within 7 to 10 
days, but the response was somewhat less than 
with hydrocortisone. c) the ‘‘epimer” and 
the suspending agents produced no measurable 
change. The untreated lesions were un- 
changed. 

3. Failure of 11-alpha hydroxy epimer of 
hydrocortisone to modify the action of hydro- 
cortisone acetate in the chick embryo. In 
Table I it is observed that 0.02 mg Compound 
F acetate produced a consistent modification 
in the growth of the chick embryo. In a 
group of embryos, hydrocortisone acetate, 
0.02 mg per egg, was given together with 5 
mg of the “epimer”. When the surviving em- 
bryos were sacrificed at 18 days there was no 
evidence of any antagonistic effect of the 
“epimer” in interfering with the activity of 
hydrocortisone acetate. If anything, the em- 
bryos receiving the combined treatment were 
slightly more affected, suggesting either that 
the 2 agents may have had an additive effect 
on the chick embryo, or that the “epimer”’ 
contained a small percentage of hydrocorti- 
sone as an impurity. This difference, how- 
ever, was not statistically significant, and it 
was concluded that the 1l-alpha hydroxy 
epimer does not significantly antagonize or 
synergize the effect of hydrocortisone acetate 
in the chick embryo. 

Discussion. Our experience with 11-a- 
hydroxycorticosterone indicates that it was 
without appreciable adrenocortical activity 
in the chick embryo, even when given at 200 
to 300 times the effective dose of hydrocorti- 
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sone acetate and 40 to 50 times that of free 
hydrocortisone. This loss of biological ac- 
tivity is presumably due to the fact that the 
hydroxy group in the 11 position has been 
changed from the natural beta orientation to 
the unnatural alpha configuration. It is of 
interest that this change in the orientation of 
the 11-hydroxyl group appears to inactivate 
the molecule almost completely. On the 
other hand, 11-desoxy hydrocortisone acetate 
(Compound S), that is, hydrocortisone with- 
out an 11-hydroxy group, has a definite in- 
hibitory effect on chick embryo development; 
the minimum effective dose necessary to pro- 
duce stunting of the embryo is 2.7 mg/egg ' 
as compared to 0.01 to 0.02 for hydrocortisone 
acetate(3). It is thus evident that the 11- 
alpha hydroxy group not only inactivates 
hydrocortisone but is actually a hindrance to 
biological activity, since the 11-alpha hydroxy 
epimer is even less effective than the analog- 
ously constituted 11-desoxy steroid (Com- 
pound S). 

Summary and conclusions. 1. The 11- 
alpha hydroxy epimer of hydrocortisone does 
not inhibit the growth of the chick embryo 
when given at doses up to 5 mg/egg; this is 
200 to 300 times the dose level at which 
hydrocortisone acetate (0.01 to 0.02 mg/egg) 
and 50 times the level at which free hydro- 
cortisone (0.1 mg/egg) interfere with em- 
bryonic development. The unnatural orien- 
tation of the 1l-alpha hydroxy group thus 
inactivates the molecule as far as inhibiting 
embryonic growth is concerned. This un- 
natural configuration actually inhibits bio- 
logical activity, since an analogous compound, 
11-desoxy corticosterone acetate (Compound 
S) inhibits embryonic growth at a dose level 
of 2.7 mg/egg. The epimer does not diminish 
or potentiate the action of hydrocortisone 
acetate in the chick embryo.|| 2. The 11- 
alpha hydroxy epimer of hydrocortisone in 


|| After this work was submitted for publication, 
a report by Segaloff, A., and Horwitt, B. N., Science, 
1953, v118, 220 appeared, describing the limited 
activity of “epi-F” in causing liver glycogen deposi- 
tion in adrenalectomized mice, and its inability to 
interfere with the glycogen deposition produced by 
hydrocortisone. These results are in agreement with 
our own. 
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contrast to hydrocortisone acetate and corti- 
sone acetate is also inactive by intra-tumoral 
injection in producing involution of the skin 
lesions in patients with Boeck’s sarcoid and 
Hodgkin’s disease. 
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Excretion of Ether-Soluble Acids by Rats on Necrogenic Diet with and 


Without Supplements of Antibiotics.* 


(20577) 


MartTIN Forbes, LEwis A. BARNESS, HELGA MoEKs!I, AND PAuL GyOrGy. 
From the Department of Pediatrics, School of Medicine, University of Pennsylvania, Philadelphia. 


Antibiotics such as aureomycin and penicil- 
lin when added to a necrogenic diet prolong 
the life of rats by delaying the onset of liver 
necrosis(1). Regardless of whether the anti- 
biotics act by systemic action on the animal 
or by interaction with the intestinal flora, in- 
direct effects should appear in the metabolism 
of the host. For this reason a comparison of 
the excretion products of rats on a necrogenic 
diet with those of animals receiving supple- 
ments of aureomycin or penicillin is of inter- 
est. The present study deals with the effect 
of the addition of these antibiotics to the 
basal necrogenic diet on the ether-soluble acid 
excretion of the rats. 

Animals and methods. Male weanling rats 
(Sprague-Dawley or Carworth Farms) initial- 
ly weighing approximately 45 g were kept in 
individual cages and were fed the necrogenic 
basal diett with a daily supplement of vita- 
mins(1). Aureomycin-HCl (Lederle) 25 mg, 
penicillin (N N’-Dibenzylethylene diamine- 
Wyeth) 5 mg, or vit. E 1 mg, were added to 
the daily rations of the treated animals. Con- 
trol animals were offered 8.0 g of diet daily and 


* Sponsored by the Commission on Liver Diseases, 
Armed Forces Epidemiological Board and supported 
Gn wart) by the Office of the Surgeon General, De- 
partment of the Army. 

t Basal diet consists of: Corn starch 79; Baker’s 
yeast 18 (British “D.C.L. Vit. B, yeast” from Dis- 
tillers Corp., Ltd.) ; Salt Mix No. 2 USP 3; Peanut 
oil 0.5. 


the treated animals were pair-fed. For the 
collection of urine rats were placed in meta- 
bolic cages and kept on regular rations with 
water ad lib. Urine was collected under 
toluene. Funnels were washed down with hot 
water every day and the urine filtered and 
frozen. Analyses were run in duplicate on 
aliquots of combined 2- or 3-day samples of 
non-hydrolysed urine. Nitrogen was run by 
a semi-micro Kjeldahl method(2). Creatinine 
was run by the Jaffe reaction(3). Ammonia 
and urea after hydrolysis were determined py 
aeration and titration(4). Para aminobenzoic 
acid was determined by the usual diazotiza- 
tion method(5). Ether-soluble acids in urine 
were extracted by the method of Kanzaki(6) 
as modified by Bray e¢ al.(7). Urine samples 
(10 ml) acidified with sulfuric acid (1 cc, 1 N) 
were continuously extracted with ether for 
3 hours, the ether evaporated, the residue 
taken up in water and titrated with 0.1 N 
NaOH solution. Duplicate extracts of the 
same urine gave closely similar titration values. 
Hippuric acid (20 mg) added to a sample of 
urine was recovered 95-100% under the con- 
ditions of the experiments. Hippuric acid was 
determined after destruction of urea of the 
ether-soluble extract(8). Chromatograms of 
ether-soluble acids were run by descending 
technic with a butanol-acetic acid-water mix- 
ture (4:1:1) as solvent(9). Spots were de- 
veloped with an alcoholic solution of brom 
cresol green. 
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TABLE I. Effect of Aureomycin and of Penicillin on Daily Excretion of Ether-Soluble Acids in Rats on 
Necrogenic Diet. 
agxnaea»eq=*o*s‘lqe*qywqz?glaj>j_é_see eee =x «¥_ errr 
No. of days rats were on diet 


1—4,0— = : 40-200 +, 
Supplement ESA, uM X 10 ESA, uM x 10 Statistical 
to basalnec- No.rats ————-—— Diff.from No. rats ————— Diff. from * significance 
rogenic diet tested Creatinine, u.M* control tested Creatinine,wM control (P) of diff. 
0 (control) 5 884+ 2.8 10 142 + 12.4 a 
Vit. E 8 100 See 3e2 it: 8 UWlas gs 5 0 
Anreomycin 7 65 + 10.4 23 14 (Hiss Bao 65 JEze(OAUHE 
Penicillin 6 OS == 4.0) 15 12 67 + 4.5 75 Pe OOH: 


* HSA/N gives similar results: 
rat during duration of exp. 
different groups. 


Two of the ether-soluble acids found were 
crystallized. Two hundred ml of urine was ex- 
tracted with ether for 20 hours. The ether frac- 
tion was then extracted with 200 ml 0.1 N 
NaHCO;. The NaHCO; solution was acidi- 
fied with HsSO, to pH 1-2, decolorized with 
Norit A, and filtered. The filtrate was ex- 
tracted with 200 ml ether, and the extract was 
evaporated. The residue was taken up in a 
small amount of ether, and the acid was pre- 
cipitated out of solution by dropwise addition 
of petroleum ether in the cold. The two acids 
identified were crystallized directly from two 
different specimens of urine; no separation of 
the two acids was necessary. 


Results. Urines of rats on a necrogenic diet 
were compared with that of treated animals of 
comparable weight, age, and food intake. The 
excretion of para-aminobenzoic acid, ammonia, 
urea, hippuric acid, nitrogen, and creatinine 
was similar in all the rats. 

No differences in the quantity of ether solu- 
ble acids in the urine of treated and non- 
treated rats was observed during the first 40 
days on the diet. Most rats kept on the necro- 
genic diet succumb to liver necrosis after 30 to 
60 days, but a few survive. In these rats a 
statistically significantly higher excretion of 
ether soluble acids was found than in compara- 
ble animals protected with antibiotics (Table 
I). The animals given vit. E also showed 
an excretion rate comparable to the animals 
on the necrogenic diet. The pattern of spots 
in chromatograms of the ether soluble acids 
excreted by rats treated with antibiotics is dif- 
ferent from that of non-supplemented animals 
or from animals given supplements of vit. E. 
‘These differences are shown most clearly in 


Daily quantities of creatinine and nitrogen were constant in each 
There was no difference between the amounts excreted daily by rats from 


the chromatograms of the ether soluble acids 
of the older rats (Fig. 1). Ether soluble acids ' 
from the urine of non-treated or vit. E-treated 
rats showed spots at R; 0.86 and 0.95. A few 
of these rats also showed spots at Ry; 0.45. 
The rate at which these rats died was appar- 
ently unrelated to the presence or absence of 
the acid of R- 0.45. 

In contrast, almost all the rats treated with 
antibiotics have acids of Ry 0.45, Ry 0.86 and 
0.95. In addition, all the rats treated with 
antibiotics have an additional acid of Ry 0.80. 
Hippuric acid gives a spot of R; 0.93 and 
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FIG. 1. Typical descending chromatogram of ether 

soluble acid excretion by rats on necrogenic diet 

with supplements 1. penicillin; 2. aureomycin; 3. 
necrogenic; 4, vitamin E. 
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PABA 0.92 under the conditions of our experi- 
ment. Five micromoles of total acid were 
found to give the clearest separation of spots; 
and this quantity was also used for test sub- 
stances. 

The acid of Ry 0.86 was crystallized from 
the urine of rats given vit. E by the method 
described above. The crystals were found to 
have a melting point of 129, an equivalent 
weight of 65, and elemental analysis C:46, 
H:8, 0:64 (by difference), and were identi- 
fied as methyl malonic acid. Mixed melting 
point, solubility in water, alcohol, ether, and 
petroleum ether, and Ry value were identical 
with that of pure methyl malonic acid. 

The acid of Ry 0.95 was crystallized from 
the urine of rats given penicillin by the method 
described above. The crystals were found to 
have: m.p. 140, equiv. wt 75, and were identi- 
fied as a,a-dimethyl succinic acid. Mixed 
melting point, solubility in water, alcohol, 
ether, and petroleum ether, and R¢ value were 
identical with that of pure a,a-dimethyl suc- 
cinic acid. 

The ether-soluble acids of Ry 0.45 and 0.80 
have not yet been identified. 

Titration of the chromatographic spots 
(Fig. 1) after cutting and eluting showed the 
following distribution: 


No supple- Aureomycin, Penicillin, 
R, ment,% Vit. E, % % % 
45 ~ 3 10 10 
80 None None 25-30 25-30 
86 85-90 85-90 15-40 15-40 
95 10-15 10-15 30-60 20-50 


* Too small to measure. 


Discussion. Aureomycin, penicillin and vit. 
E, when added to the necrogenic experimental 
diet, caused no quantitative alteration in the 
ammonia, urea, nitrogen, creatinine, hippuric 
acid, or para-aminobenzoic acid excretion in 
the urine. 

The significance of the ether-soluble acid 
excretion in the urine of rats is unknown. 
Presumably, these acids represent end prod- 
ucts of the metabolism of the animals. 

Both the surviving non-supplemented rats 
and those receiving vit. E excrete high levels 
of ether-soluble acids, Either the surviving 
animal on the necrogenic diet has undeter- 
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mined vit. E reserves or has developed a path- 
way similar to that of vit. E-treated animals. 

No high levels of ether-soluble acids were 
found in the urines of rats receiving anti- 
biotics. Since antibiotics prolong the lives 
of the rats but do not offer the permanent pro- 
tection given by vit. E supplements, a differ- 
ent metabolic pathway is suggested for the 
acid excretion of the 2 groups of rats. 

Methyl malonic acid forms the largest part 
of the total ether-soluble acid in the untreated 
or vit. E-treated animal, whereas a,a-dimethyl 
succinic acid and acid of R; 0.80 forms the 
largest part of the acid excretion of the ani- 
mals treated with antibiotics. No significant 
quantities of homogentisic acid were found in 
any of these urines(10). Methyl malonic acid 
has been described in the urines of rats fed 
anthracene(11), but was apparently. unrelated 
to death in these animals, a,a-dimethyl suc- 
cinic acid has not previously been described in 
the urine of rats. 

Summary. 1. Addition of aureomycin or 
penicillin to the necrogenic diet showed no 
effect on the quantity of nitrogen, urea, am- 
monia, creatinine, hippuric acid or para- 
aminobenzoic acid excreted in the urine by 
rats. 2. Most rats on necrogenic diet die of 
liver necrosis between 30 and 60 days; a few 
survive. In these rats a statistically signifi- 
cantly higher urinary excretion of ether solu- 
ble acids was found than in rats treated with 
aureomycin or penicillin. Chromatograms of 
these ether-soluble acids indicated that addi- 
tion of aureomycin or penicillin to the diet 
but not vitamin E altered the components of 
these acids in the urine. 3. The ether-soluble 
acids in the non-hydrolysed urine consist of 
para-aminobenzoic acid, hippuric acid, methyl 
malonic acid, a,a-dimethyl succinic acid and 
at least 2 unidentified acids. Methyl malonic 
acid forms a large part of the total ether-solu- 
ble acids in the non-treated and vit. E-treated 
animal, and forms a smaller fraction of the 
acid excretion of the animals receiving peni- 
cillin or aureomycin. 
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Leptospiral Antigen Demonstrated by the Fluorescent Antibody Technic 
in Human Muscle Lesions of Leptospirosis icterohemorrhagiae.* (20578) 


WALTER H. SHELDON. 


From the Departments of Pathology, Emory University School of Medicine and 
Grady Memorial Hospital, Atlanta, Ga. 


Leptospiral antigen was demonstrated with 
the fluorescent antibody technic in the muscle 
_ lesions of a patient with L. icterohemorrhagiae 
infection. 

Materials and methods. A 1 cm square piece 
of the left gastrocnemius muscle was excised 
from a 42-year-old Negro construction worker 
on the 9th day of an acute febrile illness, 
associated with icterus, azotemia, muscle pain 
which was particularly marked in the calf, 
headache and malaise. Half the specimen was 
immediately quick frozen in dry ice and al- 
cohol and stored at —20°C. The remaining 
tissue was divided and fixed in Zenker’s fluid 
with 5% glacial acetic acid and in 10% 
formalin. Routine histologic preparations 
revealed the typical lesions of acute Weil’s 
disease (Fig. 1). These lesions consisted of 
focal areas of necrosis of muscle fibers with 
slight proliferation of sarcolemmal nuclei and 
minimal inflammatory cell infiltration(1). 
Sections stained by the Whartin-Starry 
method failed to reveal any organisms. Ag- 
glutination tests were positive for L. zctero- 
hemorrhagiae with titres of 1:6400 on the 
16th day of illness and 1:12800 on the 31st 
day. Both serum samples were also positive 
for L. mitis at a titre of 1:640 and for L. 


* Aided by a Grant from the National Institutes 
of Health, U. S. P. H. Service. 


canicola at a titre of 1:200. During con- 
valescence, 31 days after the onset of the 
illness, a biopsy of the right gastrocnemius 
muscle was taken. This tissue was prepared 
as described above. Routine histologic prep- 
arations of this specimen revealed advanced 
healing by regeneration. Silver stains for 
leptospira again showed no organisms. Frozen 
sections of unfixed frozen-muscle were pre- 
pared following the technic of Linderstr¢ém- 
Lang as modified by Coons et al.(2). Prelim- 
inary to staining, the mounted sections were 
fixed either by dipping briefly in 70% ethanol 
and rinsing with buffered saline or by cover- 
ing with acetone for 15 minutes with subse- 
quent evaporation of the acetone in an incu- 
bator at 37°C. These 2 types of fixation had 
been arrived at while adapting the fluorescent 
antibody technic to the study of experimental 
leptospiroses in Syrian hamsters. 

The sections were stained for 30 minutes 
with the specific conjugate prepared according 
to the method of Coons and his associates(3). 
Conjugates with fluorescein isocyanate were 
prepared from immune sera obtained from 
rabbits injected with either L. icterohemor- 
rhagiae or L. canicola.t The agglutination 


t The fluorescein amine was prepared by Dr. A. H. 
Coons to whom I am most grateful for his kind 
advice and help. 
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WIG: 
x 370. 


Areas of focal necrosis in 2 adjacent striated muscle fibers. 


Hematoxylin-Phloxine. 


FIG. 2. Fluorescence photomicrograph showing minute specifically fluorescing granular de- 


posits (a) in sarcoplasm. X<.370. 


FIG. 3. Fluorescence photomicrograph showing 2 specifically fluorescing deposits in muscle. 
The larger deposit (a) is granular, the other (b) shows a delicate and slightly curved structure 


resembling a leptospira. XX 370. 


FIG. 4. Fluorescence photomicrograph showing area of muscle necrosis (a). A minute de- 
posit of specifically fluorescing material is visible at the edge of the necrotic area (b). X 370. 


titre of each serum was 1:6400. Before use 
for staining, the conjugate was absorbed twice 
with human liver powder. This procedure, 
however, did not eliminate the non-specific 
staining of human neutrophilic polymorphonu- 
clear leucocytes, which was observed in blood 
smears of this patient and normal humans. 
It was found that the non-specific staining of 
these cells, which was observed also in other 
mammalian species could be eliminated in 
human as well as in rabbit tissue by absorbing 
the conjugate twice with acetone-dried rabbit 
bone marrow powder. Controls consisted of: 
1. inhibition tests in which paired frozen sec- 
tions were covered with unconjugated normal 
or specific immune serum preliminary to the 


staining with the specific conjugate, and 2. 
staining with ZL. canicola conjugated anti- 
serum, 

Results. Under the fluorescence microscope 
a few widely scattered deposits of specifically 
fluorescing green material were found. The 
deposits were located in a vacuolated appear- 
ing area within the sarcoplasm (Fig. 2). 
Only in a few instances were they encoun- 
tered at the periphery of areas of muscle 
necrosis. They were occasionally seen at the 
periphery of a muscle fiber, but it could not 
be determined if they were located in the 
sarcoplasm, within the sarcolemma sheath or 
within the perimysium. The deposits ap- 
peared as minute granules but in rare in- 
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stances single elongated and curved structures 
resembling intact leptospirae were seen (Fig. 
3). The foci of muscle necrosis were clearly 
visible and in general showed yellow fluores- 
cence against the grayish-blue background 
(Fig. 4). Occasionally the yellow color 
showed a greenish fluorescing tinge. No an- 
tigen was found in the interstitial connective 
tissue or in the nuclei. 

Fluorescent deposits were not found in sec- 
tions stained with L. canicola conjugate or 
subjected to the inhibition test by treatment 
with unconjugated specific immune serum be- 
fore staining with the specific conjugate. 

Leptospiral antigen was not seen in the 

biopsy taken on the 31st day of illness. 
_ Comments. The specificity of muscle le- 
sions in Weil’s disease has been questioned by 
Adams, Denny-Brown, and Pearson(4) since 
even in severe infections with florid lesions 
it is extremely difficult with the conventional 
histologic methods to identify with certainty 
leptospirae in the muscle lesions(5). I have 
- studied the muscle lesions obtained by biopsy 
or at autopsy of many patients with L. ictero- 
hemorrhagiae infection. Only once have I 
encountered in silver impregnated sections 
from muscle biopsy structures which I felt 
certain were leptospirae. These structures 
were few in number and were found at the 
periphery of the muscle lesions. They were 
not present in the necrotic debris. The pres- 
ence of leptospiral antigen in the muscle and 
its lesions seems to indicate that the lesions 
are produced by the organism. 

The amount of demonstrable antigen in this 
patient was sparse. It was generally seen in 
the sarcoplasm not associated with well de- 
veloped lesions and was found only rarely at 
the periphery of the foci of muscle necrosis. 
Antigen was not identified in the nuclei, in- 
terstitial tissues or among the debris of the 
lesions, although the necrotic material some- 
times showed a faint greenish-yellow fluores- 
cence. It is possible that the paucity of 
demonstrable antigen is due to its saturation 
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or destruction by endogenous specific anti- 
body since the biopsy was taken on the 9th 
day of illness, at which time there is a sig- 
nificant antibody titre in Weil’s disease. The 
presence of a green fluorescing tint ‘in some of 
the otherwise yellow fluorescing areas of 
necrosis suggests the diffusion of antigen 
among the necrotic material. 


The non-specific staining of polymorphonu- 
clear leucocytes of normal humans and other 
mammalian species is of interest. This stain- 
ing appeared even in blood smears fixed with 
either alcohol or formalin and after treatment 
with fluoride. The suppression of the non- 
specific staining of these cells by absorption | 
of the conjugate with bone marrow powder 
seems useful when the fluorescent antibody 
technic is applied to lesions associated with 
inflammatory cell infiltration. 


Summary. Leptospiral antigen was demon- 
strated with the fluorescent antibody technic 
in the muscle lesions of a patient with 
L. icterohemorrhagiae infection. This ob- 
servation indicates that the muscle lesions in 
Weil’s disease are produced by the lepto- 
spirae. It has also been shown that the non- 
specific staining of human polymorphonuclear 
leucocytes can be eliminated by absorption of 
the conjugate with rabbit bone marrow 
powder. . 


The technical assistance of Miss Hillma Gheesling 
and Miss Elaine Schubert is gratefully acknowledged. 


1. Sheldon, W. H., A. M. A. Arch. Int. Med., 1945, 
Veet Oe 

2. Coons, A. H., Ledue, E. H., and Kaplan, M. H., 
J. Exp. Med., 1951, v93, 173. 

3. Coons, A. H., and Kaplan, M. H., J. Exp. Med., 
1950, v91, 1. 

4, Adams, R. D., Denny-Brown, D., and Pearson, 
C. M., Diseases of Muscle, Paul B. Hoeber, Inc., 
New York, 1953, p456. 

5. Ash, J. E., and Spitz, S., Pathology of Tropical 
Diseases, W. B. Saunders Co., Philadelphia and 
London, 1945, p68. 


Recaived September 4, 1953, PS.E.B.M., 1953, v84. 


168 


Role of Serum Albumin in Lipemia Clearing Reaction. 


(20579) 


Rosert S. Gorpon, Jr., Epwin Boyie, Ray K. Brown, AMELIA CHERKES, AND 


CHRISTIAN B. ANFINSEN. 


(Introduced by J. H. Baxter.) 


From the Laboratory of Metabolism, National Heart Institute, U. S. Public Health Service, 
Bethesda, Md. 


Earlier publications from this Laboratory 
(1,2) have described investigations into the 
mechanism of the “lipemia clearing reaction” 
wherein a clearing factor, produced in vivo 
by the intravenous administration of heparin, 
clears elementary lipemia or artificial oil emul- 
sions in vitro in the presence of normal plasma. 
The cofactor supplied by the normal plasma 
was termed “coprotein”. The preparation of 
a partially purified, presumably “coprotein’- 
free, clearing factor which could be used to 
assay for “coprotein” activity has been re- 
ported(2). Attempts were therefore made to 
purify “coprotein” by the alcohol fractiona- 
tion methods of Cohn, e¢ al.(3), as well as by 
classical ammonium sulfate procedures, in 
which it became increasingly evident that the 
albumin-rich fractions contained considerable 
“coprotein” activity. Since it was impossible 
to separate this activity from the serum albu- 
min, experiments were undertaken to clarify 
the effect of purified albumin itself on the 
clearing reaction. 

Methods. In the first experiments to be 
described, the source of clearing factor was 
fresh whole plasma from a dog that was anes- 
thetized with nembutal, treated with 2.5 mg/ 
kg heparin intravenously, and bled after 5 
minutes. The purified clearing factor was pre- 
pared by the method referred to above(2). 
Two sources of albumin were employed: com- 
mercially available bovine Fraction V (Armour 
Laboratories), and a human albumin twice 
crystallized with mercury by the method of 
Hughes(4). No difference was observed in 
the behavior of the 2 albumin preparations in 
these experiments. A coconut oil emulsion 
supplied by Dr. Douglas Frost of Abbott 
Laboratories, diluted to 0.5% fat content, was 
used as substrate. The buffer diluent de- 
scribed previously(2) was employed, and all 
reaction mixtures contained sufficient quanti- 
ties of the disodium salt of ethylenediamine- 
tetraacetic acid to prevent the formation of 


TABLE I. Effect of Added Albumin in the 
Clearing System. 


Decrease in optical 
density after 


Clearing system 10 min. 60 min. 
Heparinized D.p* alone .012 .027 
D.p + 0.1 ee 5% a* .020 .088 
D.p + 0.2 c¢5% a 021 .088 


*D.p — dog plasma; a= albumin. 


insoluble calcium soaps. Reactions were run 
at 37°C in a waterbath, and their progress fol- 
lowed by optical density readings in the Cole- 
man Junior Spectrophotometer at a wave 
length of 500 mp. 

Observations. Effect of added albumin in 
the clearing system. Ina 1 cc test system con- 
taining 0.07 cc of clearing factor-containing 
dog plasma and 0.1 cc of coconut oil substrate, 
the addition of 0.1 cc of a 5% solution of 
albumin produced a moderate increase in the 
initial rate of clearing, and a marked increase 
in the extent of the reaction after one hour: 
Further additions of albumin produced no 
further effect within the one-hour period of 
observation. Table I illustrates this effect. 
In another type of experiment, 0.1 cc of dog 
plasma was allowed to act on 0.1 cc of coco- 
nut oil in a total volume of 1 cc for 135 min- 
utes, until the rate of clearing was markedly 
reduced. At this time, 0.1 cc of 5% albumin 
was added, resulting in a greater than 3-fold 
increase in the rate of clearing. 

Effect of fatty acid in the clearing system. 
Sodium oleate was added in varying amounts 
to a 1 cc clearing system containing 0.1 cc dog 
plasma, 0.2 cc 5% albumin, and 0.1 cc coco- 
nut oil substrate. Increasing inhibition of the 
clearing reaction was observed with increasing 
amounts of oleate. In Fig. 1 is shown the 
extent of clearing after one hour as a function 
of the amount of oleate added (expressed as 
moles of oleate per mole of albumin present, 
assuming that the dog plasma also contains 
approximately 5% albumin.) It is evident 
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FIG. 1. Inhibition of lipemia clearing reaction by 
oleate. 


that maximum inhibition, the reaction being 
virtually completely stopped, is reached when 
6 to 7 moles of oleate have been added for 
each mole of albumin present. Sodium palmi- 
tate was found to produce inhibition in similar 
-fashion, while glycerol in concentrations up 
to M/300 was without noticeable effect. 

Effect of albumin and serum on purified 
clearing factor. In a system containing puri- 
fied clearing factor and an optimal quantity 
of albumin, the addition of a small amount 
of normal serum or plasma will greatly ac- 
celerate the clearing reaction. Table II out- 
lines a typical experiment to illustrate this 
effect. Each tube contained 0.1 cc of a 2% 
solution of purified clearing factor, 0.1 cc of 
coconut oil substrate, and enough buffer to 
make a total of 1.0 cc. It is evident that the 
greatest clearing was obtained in the tube con- 
taining normal serum. 

Discussion. An impressive body of evidence 
has been accumulated showing that serum al- 
bumin, at physiologic pH values, has a con- 
siderable affinity for the anions of various 


TABLE II. Effect of Albumin and Serum on 
Purified Clearing Factor. 


Decrease in optical 


Cofactor supplied to density after 
purified clearing factor lhr 2hr 
0 004 .009 
.2 ec 5% albumin .046 .069 
.2e¢ 5% albumin + .005 ce .109 159 


normal] serum 
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organic acids, including the fatty acids(5-7). 
Unpublished data of Dr. H. A. Saroff indicate 
that at pH 4.3, each mole of albumin will bind 
approximately 2 moles of palmitate ion, while 
at pH 6.5 it can bind 6 moles per mole. Davis 
and Dubos(6) find a binding capacity for 
oleate of about 9 moles per mole of albumin 
(pH not stated). Cohn, Hughes, and Weare 
(8) indicate that, as it is prepared from plas- 
ma, albumin contains up to one mole of fatty 
acid per mole of protein. In our inhibition 
experiments, therefore,:a total of 7 to 8 moles 
of fatty acid per mole of albumin was prob- 
ably present at the point of complete inhibi- 
tion of the clearing reaction. 

It has been found(2,9,10) that during the 
clearing reaction, fats are hydrolyzed to liber- 
ate fatty acids. That fatty acids can inhibit 
the clearing reaction is shown by these experi- 
ments. It seems highly likely, therefore, that 
serum albumin enters the reaction by binding 
and thereby removing the fatty acids evolved. 

The authors are not aware of published ex- 
periments concerned with the possible role of 
albumin in other serum-catalyzed lipolytic re- 
actions. The highly purified preparations of 
serum esterase reported by Surgenor and co- 
workers(11,12) did not appear to lose ac- 
tivity with the progressive removal of albumin, 
suggesting that this enzyme, at least, can func- 
tion in the absence of albumin. 

Whole normal serum, in minute amounts, 
considerably enhances the effect of albumin 
in a purified clearing system, indicating that 
it provides a second cofactor which is of im- 
portance in the clearing reaction. Our present 
data are not adequate to decide whether this 
factor is an essential reactant or catalyst, or 
merely an accelerator. With better purifica- 
tion of the clearing factor it should be possible 
to resolve this problem. It seems logical 
meanwhile to reserve the term ‘“coprotein”’ 
for this second, as yet unidentified, material 
in serum. Preliminary experiments indicate 
that it is thermolabile and non-dialyzable, 
hence probably protein in nature. 

The discovery that two cofactors, albumin 
and coprotein, play simultaneous roles in the 
clearing reaction casts doubt on the reliability 
of our earlier studies on the fractionation and 
properties of “coprotein” (1,2). Further ex- 
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periments to isolate and characterize copro- 
tein are in progress. 


Summary. Data are presented to show that 
purified serum albumin enhances the lipemia 
clearing reaction, probably by binding the 
fatty acids produced which, if not removed, 
are capable of inhibiting the reaction. Evi- 
dence that albumin is not the only cofactor 
in the clearing reaction is presented. 
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Biosynthesis of C'!*-Labeled Benzylpenicillin. (20580) 


OxprRicH K. SEBEK. 


(Introduced by D. J. Ingle.) 


From the Research Laboratories, The Upjohn Company, Kalamazoo, Mich. 


Although phenylacetic acid is one of the 
well-established precursors of benzylpenicillin, 
only limited attention has been given to the 
metabolic changes which occur when the acid 
is utilized by a penicillin-producing fungus. 
For this reason we investigated the problem in 
more detail. The incorporation of phenyl- 
acetic acid-l-C™ into benzylpenicillin has 
been achieved and is reported together with 
observations which indicate other possible 
pathways of phenylacetic acid metabolism. 


Experimental and results. Phenylacetic 
acid-]-C' was synthesized by the method of 
Dauben et al.*(1). Two separate prepara- 
tions had specific activities of 15.29 x 10° and 
30.15 x 10° c.p.m. per mole.t The acid of 
lower activity was used in this investigation. 
One hundred and sixty ml of semisynthetic 


* The BaC140, used was purchased from the Oak 
Ridge National Laboratory, Oak Ridge, Tenn. 

+ Measurements of radioactivity were made on 
the solid neutralized samples with a thin-window 
counting tube and autoscaler manufactured by Tracer- 
lab, Inc., Boston, Mass. The values reported are 
corrected for infinitely thin samples. 


medium? in 500 ml baffled Erlenmeyer flasks 
were inoculated with the young (24-36 hour) 
vegetative mycelium of Penicillium chryso- 
genum, BC-65, Upjohn, and incubated on a 
rotary shaker at 25-27°C. After incubating 


for 24 hours, potassium phenylacetate-l-C™%, — 


equivalent to 375 wg of the free acid/ml was 
added. At the end of the fermentation period 


(96 hours) the pH had risen from 5.5 to 8.4. — 


The amount of penicillin produced was 867 
pwg/ml, while the control with no phenyl- 
acetic acid contained 311 pg of penicillin/ml. 
The harvested dry mycelium from the fer- 
mentation with the added precursor amounted 
to 11.2 mg/ml. A 200 ml portion of the 
fermented beer was acidified (pH 2.2) with 
25% H2SOy, and extracted with amyl acetate. 
The combined amyl acetate extracts in turn 
were extracted with saturated phosphate 
buffer (pH 6.8). The buffer was acidified 
(pH 2.2) and extracted with ether. After the 


{The medium consisted of: lactose 50 g, glucose 


5 g, corn steep liquor solids 17 g, CaCO, 3 g, 
FeSO,°7H,0 0.004 g, Na,SO, 0.5 g; H,0 to 1000 
m5 pHs 5.5. 
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FIG. 1. Distribution of radioactivity in chromatographed fractions of crude penicillin. 1.7 mg 
of penicillin, ‘Hyflo Supercel’ column; values corrected for background. 


‘ether was evaporated with a mild stream of 
air at room temperature, the resulting amor- 
phous material was dried in vacuo. A portion 
was then dissolved in 0.2% phosphate buffer 
(pH 6.8) and separated by a modification of 
the paper chromatographic procedure of Kar- 
novsky and Johnson(2), using water-saturated 
ether as the mobile phase. After develop- 
ment the paper was cut lengthwise into 2 
strips, each 5 mm wide, in such a way that 
each strip contained an equal quantity of the 
separated material. One of these strips was 
used to identify the individual penicillins by 
bioassay on an agar layer seeded with Micro- 
coccus pyogenes var. aureus. The other strip 
was used for radioautograms. 

The bioassay indicated that the isolated 
material consisted of 94.5% benzyl-, 4.3% 
heptyl-, 0.9% n-amyl-, 0.3% 2-pentenyl-, 
and traces of p-hydroxybenzylpenicillin. The 
radioautograms showed that the major portion 
of the radioactivity was located in the area 
coinciding with the benzylpenicillin spot as 
identified by bioassay. A second diffuse spot 
on the radioautogram was observed in the 
approximate area of phenylacetic acid, the 
identity of which was verified in a butanol- 
acetic acid-water (74:19:50 ratio) system. 


ea 


Further purification of the antibiotic was 
performed chromatographically on a column 
of ‘“Hyflo Supercel,” according to the method 
of Perret(3). The effluent was collected in 
18 two-ml portions, each portion neutralized 
with 0.006 M KOH and the radioactivity 
determined. With this method, 2 radioactive 
components were isolated (Fig. 1). The first 
(10th-16th ml) had no antibacterial activity, 
while the second (20th-28th ml) suppressed 
the growth of M. pyogenes. When known 
mixtures of non-radioactive phenylacetic acid 
and penicillin were separated by the same 
chromatographic method and the distribution 
followed titrimetrically(3), the phenylacetic 
acid peak corresponded to the first radioactive 
fraction, and the penicillin peak to the second. 
Evidently, the non-reacted phenylacetic acid 
was extracted simultaneously during the iso- 
lation of penicillin. 

The amorphous material after column 
chromatography contained 68% purified anti- 
biotic(3). The radioautograms of this ma- 
terial revealed a single spot which corres- 
ponded to benzylpenicillin. When the peni- 
cillin was hydrolyzed with H2SO, as de- 
scribed(4) and counts were made on the re- 
sulting fractions (COs, phenylacetic acid and 
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TABLE I. Distribution of C“ in Fermented Beer (Penicillium chrysogenum BC-65, Upjohn). 
A 96-hour fermentation (25-27°O), shake flasks, initial pH 5.5, final 8.4, 375 wg phenylacetic 


acid/ml added. 
ee 


Yo 
e.p.m./mMol e¢.p.m./160 ml recovery 


mg/160 ml ¢.p.m./mg 
Added phenylacetic acid 60.0  112%10? 153X110? 6.72 x10 
Recovered penicillin 138.7 28) < i.0® 10.5 x 10? 3.90 X 10° 58.3 
Unreacted phenylacetic acid 3.2 10.8: S< £08 4 a0? AB ENS 10° ee 
Harvested mycelium 1792 3.8 —- .69 X 10° 10.2 
Beer residue (not extracted — — — an xeLOe 3 
with amyl acetate ) 
Total accounted for 4.97 X ae 74.0 
Unaccounted for (CO,, losses 1.75 X 10 26.0 


during the extraction, etc.) 


the acidic ether-insoluble residue), only the 
resulting phenylacetic acid (m.p. 75-77°C) 
was found to be radioactive. These data 
indicate that the C1* in the phenylacetic acid 
used as precursor was incorporated only into 
the side-chain of benzylpenicillin and was not 
distributed throughout the whole molecule. 

The specific activity of the purified peni- 
cillin (10.48 x 10° c.p.m. per mole) was lower 
than that of the phenylacetic acid used (15.29 
x 10° c.p.m. per mole).: This difference was 
found to be due to the dilution of the labeled 
antibiotic with penicillin produced from a 
precursor which was biosynthesized or pre- 
formed in the medium. 

The distribution of radioactivity in a typi- 
cal experiment, in which the described ana- 
lytical methods were used is given in Table I. 

The data in Table I indicate that the resid- 
ual phenylacetic acid was not diluted during 
the fermentation, for it had practically the 
same specific activity as when initially added. 
If this acid is the normally occurring pre- 
cursor of the side-chain of benzylpenicillin, 
it is either not released free into the medium, 
or is incorporated into the penicillin molecule 
at the same rate as it is biosynthesized. 

The incorporation of phenylacetic acid into 
the penicillin, however, was not the only 
change observed when the acid was metabo- 
lized by P. chrysogenum. When, in similar 
experiments, the respiratory COs was inter- 
cepted as BaCOs; and counted, it was found 
to be radioactive, thus indicating that the 
acid was also decarboxylated. The data are 


in agreement with those recently published 
(5). In addition, the acid was found to be 
incorporated into the protein and non-saponi- 
fiable lipid fractions of the mycelium. Fur- 
ther work is being carried out to elaborate 
these diverse metabolic paths of phenylacetic 
acid brought about by Penicillium. 


Summary. The biosynthesis of the C1- 
labeled benzylpenicillin was achieved by pre- 
paring phenylacetic acid-l-C™ and incorporat- 
ing the latter into the side-chain of benzyl- 
penicillin. The antibiotic was successfully 
separated from the nonreacted labeled phenyl- 
acetic acid by column chromatography. The 
data obtained by radioautography and chem- 
ical degradation of the purified antibiotic in- 
dicated that the radioactivity resided in the 
side-chain of the benzylpenicillin molecule. 


The advice and assistance of Drs. J. H. Hunter 
and D. H. Simonsen, Mrs. E. E. Nelson and Miss 
N. J. Eilers are gratefully acknowledged. 
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Transplantation of a Granulosa Cell Tumor into the Spleen of Castrated 


Rats, Treated with Gonadotrophin.* 


(20581) 


BERNHARD ZONDEK, ALEXANDER LAUFER, AND ISACHAR TAMARI. 


From the Hormone Research Laboratory and the Department of Pathology, Hebrew University 


Hadassah Medical School, Jerusalem, 


Successful production of luteomas and gran- 
ulosa cell tumors from implanted ovarian tis- 
sue into the spleen of ovariectomized rats was 
first reported by Biskind and Biskind(1,2). 
Luteomas appeared (at the earliest) 160 days 
after the implantation of ovarian tissue into 
the spleen, while granulosa cell tumors did not 
appear earlier than 300 days after the implan- 
tation. No tumors developed when the im- 
plantation was made into the kidney nor when 
fibrous vascular adhesions between the spleen 
and abdominal wall were present. The estro- 
gen produced by the ovarian transplant in the 
spleen was inactivated by the liver(3), as 
proved by the vaginal smear. The Biskinds 

- did not conclude which was the more import- 
ant factor in the production of the tumors: 
the disappearance of estrogen from the circula- 
tion or the hypophyseal stimulation due to 
failure of the usual inhibition of the hypophy- 
sis by the estrogenic hormone. If hyperpro- 
duction of the anterior pituitary gonadotrophin 
played an important role, it should be possible 
to enhance the formation of luteomas and 
granulosa cell tumors by injecting gonado- 
trophin into the castrated and intrasplenic 
ovarian grafted rats. Zondek and Laufer(4) 
succeeded in enhancing the formation of luteo- 
mas and granulosa cell tumors in castrated rats 
with intrasplenic ovarian grafts, by injec- 
tion of chorionic gonadotrophin, three times 
weekly 20-100 R.U. The tumors appeared 
40-150 days earlier than in Biskind’s experi- 
ments, in which the rats were not treated with 
gonadotrophin. The transplantation of such 
tumors into other animals was difficult and un- 
successful(5). Li(6) was the first to report 
a successful intrasplenic transplantation of a 
granulosa cell tumor in a mouse treated with 
progesterone (4 weekly injections of 1 mgr.). 


* This investigation was aided by a grant from 
the Hadassah Medical Organization Clinical Re- 
search Fund. 


Israel. 


The original tumor developed in castrated 
mice with homotransplants of ovaries in the 
spleen, treated with subcutaneous injections of 
progesterone. 

In the present paper the transplantation and 
erowth of granulosa cell tumor in the spleens 
of castrate female rats is reported. 

Methods. The original tumor was pro- 
duced by repetition of Biskind’s experiment 
(castration of rats and implantation of ovar- 
ian tissue into the spleen) without any treat- 
ment. Ten rats weighing between 110-120 g 
were castrated and tiny pieces of granulosa 
cell tumor were grafted beneath the capsule 
of the spleen. Three weeks later the animals 
were injected with 20 R.U. of chorionic gona- 
dotrophin (Korotrin) 3 times weekly for 9 
months. Of the original 10 rats, 1 died and 
at autopsy no tumor was found. The remain- 
ing animals were sacrificed after additional 4 
months, 7.e., 13 months after castration and 
transplantation of the granulosa cell tumor. 

Results. Two of them developed large 
splenic tumors and few or no adhesions were 
found around the spleen. In the other 7 rats 
fibrous adhesions between the spleen, sur- 
rounding organs and abdominal wall were 


with BT aractoriseicn Of a 
in the spleen. 


MDG: ek; Ovarian tumor, 
granulosa cell tumor and luteoma, 
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numerous and vascular, and only small scars 
were found at the site of the transplantation. 

Gross and microscopic examination of the 
two successful transplants revealed the char- 
acteristics of both granulosa cell tumor and 
luteoma. In each case the tumor was over 


TRANSPLANTATION OF GRANULOSA CELL TUMOR 


Note the invading nodule into the 


FIG. 3. Granulosa cell elements of the tumor, 


INtO SPLEEN 


splenic tissue, X 52. 


* 160. 


2 cm in diameter (Fig. 1), somewhat firm, 
red-yellow, lobulated, and in scattered areas 
showed small cysts. The tumors were in gen- 
eral well demarcated from surrounding splenic 
tissue without being encapsulated, but at one 
point in one of the tumors a nodule invaded 


8 tainptenel: 


the splenic tissue (Fig. 2). Histologically 
there were two cell types embedded in a fine 
_network of reticulum. One cell type corres- 
ponded to typical granulosa cells (Fig. 3) and 
the other was characteristic of luteum elements 
(Fig. 4). The two cell types were arranged 
in broad sheets or clusters, occasionally inter- 
mingled, and lined large cystic spaces. The 
tissue was well vascularized. Mitoses were 
easily found. 

No tumor was found in 5 control rats which 
did not receive gonadotrophin and in which 
the granulosa cell tumor was transplanted 
into the spleen. 

Conclusion and summary. The results of 
the present experiments indicate: 1) Ovarian 
tumors which develop from splenic trans- 
planted ovarian tissue can be successfully re- 
transplanted. 2. The retransplanted tumor 
resembles both a granulosa cell and luteum 
cell neoplasm. 3. Administration of gonado- 
trophin promotes the successful take. 4. It 
is assumed also that the prolonged stimulation 
by augmented amounts of gonadotrophic hor- 


FIG. 4. Lutein elements of the tumor lining cystic spaces, & 225. 
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mones of the hypophysis, to which the spleen 
grafted animals are subjected, is responsible 
for the development of the neoplastic growth. 
Additional subcutaneous injections with gon-. 
adotrophin enhance the formation of the 
tumors. 5. Estrogen produced by the graft 
must be inactivated by the liver, otherwise 
tumors do not develop. 6. The presence of 
adhesions between the spleen and surrounding 
tissues prevents the growth of the transplant. 
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Effects of Genetics and Anesthesia Upon Granulocyte and Agranulocyte 


Levels in Seven Inbred Mouse Strains. 


(20582) 


Oxca C. Bupps, EL1zABETH S. RUSSELL, AND GERALD E. ABRAMS. 
(Introduced by C. C. Little.) 


From Roscoe B. Jackson Memorial Laboratory, Bar Harbor, Maine.* 


Recent investigations of normal mouse 
blood(1) has shown significant genetic differ- 
ences among young adults of 18 inbred strains 
both in total leukocytes and in proportion of 
granulocytes. In addition, an inverse correla- 
tion was found between mean total leukocyte 
count and mean proportion of granulocytes for 
a given strain, suggesting “that differences in 
genetic factors affecting production or release 
of lymphocytes are more prevalent or more 
effective than are genes affecting granulo- 
cytes.” The present experiments are designed 
to analyze independently the numerical varia- 
tions in granulocytes (largely neutrophils) and 
agranulocytes (largely lymphocytes) of young 
adults of several of these inbred strains of 
mice. Inasmuch as it has been suggested that 
differences in reactions of animals to anes- 
thesia might affect leukocyte values, a test of 
the effects of nembutal anesthesia upon the 
level of both types of cell was also included. 

Materials and methods. After thoroughly 
testing its applicability to mouse blood, the 
Randolph method for chamber enumeration 
of granulocytes and agranulocytes in phloxine- 
methylene-blue-propylene-glycol diluent (2) 
was utilized in these experiments. Five virgin 
females and 5 males, 2 to 3 months old, from 
seven of the most widely used of the inbred 
strains in the Jackson Laboratory Inbred 
Nucleus were used for each determination. 
All counts were made between 10 A.M. and 
5 P.M. during August, 1952. The anesthetized 
animals had been injected intraperitoneally 


* This work was done under a Grant-in-Aid to 
the Roscoe B. Jackson Memorial Laboratory from 
the American Cancer Society upon recommendation 
of the Committee on Growth of the National Re- 
search Council. It has also been aided by grants 
to the Jackson Laboratory from the Commonwealth 
Fund, Anna Fuller Fund, Jane Coffin Childs Mem- 
orial Fund, and the National Cancer Institute, of the 
National Institutes of Health, U. S. Public Health 
Service. 


15-20 minutes before the sample was taken 
with 1.5 mg nembutal in .25 cc solution. All 
animals were warmed in a jar under a light 
bulb for 10-15 minutes before samples were 
taken(3), and tail blood was collected after 
immersing the tail for 30 seconds in hot water. 
Two samples were taken from each animal. 


tose 


The mean value for each type of cell was — 


determined for each group of animals. An- 
alysis of variance was used to compare the 
variance attributable to the particular factors 
which can be sorted out in this experiment 
(strain, sex, anesthesia, and interactions 
among these) with the variance due to un- 
analyzed factors (experimental error, slight 
differences in nutrition or recent activity, time 
of day, for example) to determine whether 
or not the designated factors contributed sig- 
nificantly to the total variation. Since the 
groups used were small, and the tests thereby 
not exhaustive, only variance contributions 
significant at the 1% level were considered 
conclusive enough to be extensively discussed. 

Results. Table I gives the mean values for 
agranulocytes and granulocytes for 10 non- 
anesthetized and 10 anesthetized animals from 
each of the strains, both with sexes separated 
and combined. The totals are slightly lower 
than earlier total leukocyte values for the 
same strains by the conventional acetic acid 
method. In general, the observed differences 
between strains, sexes, and conditions of anes- 
thesia are sufficiently small so that it is im- 
possible to determine their significance by the 
standard errors of individual groups of values. 
Agranulocyte means vary over a wider range 
than do granulocytes. Table II gives the re- 
sults of analysis of variance of values for each 
type of leukocyte. Genetic differences among 
the inbred strains contributed very significant- 
ly to variations in both granulocytes and 
agranulocytes. The effects of anesthesia (in 
general a lowering of the count) contribute 
markedly to differences in granulocyte level. 
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TABLE I. Mean Values (Randolph’s Method) for Granulocytes and Agranulocytes of Intact 
and Anesthetized Animals of Each Strain Tested, with Comparison to Earlier Conventional 
Determinations of Total Leukocyte Counts for the Same Strains. 


-—Agranulocytes X 10°—, -—Granulocytes X 10-°-—, Former total 


; Non- Non- leukocyte 
Strain Sex anesthetized Anesthetized anesthetized Anesthetized (anesth.) 
<0 

A/Jax fe} 5.65 6.01 1.23 eel 

3 5.90 3.16 1.05 56 

Combined 5.77 4.59 1.14 .67 8.71 
AKR/Jax Q 3.93 5.15 1.08 84 

3g 7.28 6.94 1.02 1.51 

Combined 5.60 6.05 1.05 ' 1,18 6.80 
BALB/c Jax 9? 8.52 7.47 1.64 DEL 

g 6.92 5.26 1.56 1.28 

Combined 1.72 6.37 1.60 1.22 8.54 
C3H/Jax Q 5.57, 5.31 1.61 1.59 

3} 5.92 2.95 2.33 1.15 

Combined 5.75 4.13 1.97 Iai 7.34 
C57BL/6Jax @ 7.99 8.92 87 ical 

& 8.24 6.53 82 .89 

Combined 8.12 fate 84 1.01 11.43 
DBA/1 Jax ¢ 7.38 6.45 1.48 itemat 

g 8.32 Rese 1.87 1.80 

Combined 7.85 7.10 1.67 1.45 EO) 
DBA/2 Jax @Q 7.48 5.90 1.36 15 

3 7.85 6.86 1.69 1.31 

Combined 7.66 6.38 1.53 1.03 9.28 
Grandmean 9 6.65 6.46 1.32 1.05 

a 7.20 5.63 1.48 121 

Combined 6.92 6.05 1.40 1,13 8.41 


TABLE II. Results of Analysis of Variance in Numbers of Agranulocytes and Granulocytes in 
Mouse Blood, with Differences in Strain, Sex and Anesthesia. 


Level of 
Source of variation D.F. Mean Sq. F-values significance 
Agranulocytes 
Total 139 
Due to anesthesia 1 26.8669 216.8669 4.9427 .05 
Bee BOX 1 5982 5982 a1 Outi — 
(ee astrain 6 163.3265 Depa 5.0078 01 
Common to sex and strain 6 78.2917 13.0486 2.4005 .05 
i ” strain and anesthesia 6 15.1427 2.5238 4643 — 
» . ”? sex and anesthesia 1 16.7532 16.7532 3.0821 — 
& ” sex, strain and anesthesia 6 17.1878 2.8646 5270 — 
Error 112 608.7965 5.43857 
Granulocytes 
Total 139 
Due to anesthesia 1 2.5326 2.5326 12.4208 — .O1 
ane BOX 1 8721 8721 4.2771 .05 
ae SUT AAT 6 10.7989 1.7998 8.8269 01 
Common to sex and strain 6 2.4267 4045 1.9838 — 
at ” strain and anesthesia 6 2.8113 4686 2.2982 .05 
ee ” sex and anesthesia it .0015 .0015 .0074 — 
‘e ” sex, strain and anesthesia 6 2.6105 4351 2.1339 — 
Error ay 22.8375 .2039 


It should be noted that different strains may tion (significant at the 5% level) in granu- 
react differently to nembutal, as factors com- locyte number. Inspection of Table I shows 
mon to strain and anesthesia produced varia- that the C57BL/6 animals, in contrast to all 
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others, gave higher ganulocyte counts under 
anesthesia, and the A animals showed extreme 
lowering of the count with nembutal. 

Discussion. These results of direct chamber 
count of agranulocytes and granulocytes in 
mouse blood have confirmed earlier findings of 
significant differences in total leukocyte counts 
among inbred strains, and have proved that 
there are significant differences in both types 
of cells, answering a question left in doubt in 
the earlier work. In addition, these results 
show that the 2 cell types vary independently 
of each other. The rank order in non-anes- 
thetized animals (Table I) of mean values 
for agranulocytes (C57BL/6 > DBA/1 > 
BALB/c > DBA/2 > A > C3H > AKR) is 
very different from that for granulocytes 
(C3H > DBA/1 > BALB/c > DBA/2 >A 
> AKR > C57BL/6. Since the cells are pro- 
duced by different tissues this is not neces- 
sarily surprising. 

It might be thought that the rank order of 
variation for granulocytes would correspond 
closely with that for the erythrocytes formed 
in the same tissue. Taking the erythrocyte 
values for these strains from earlier work(1), 
there is a certain similarity, DBA/1 and 
BALB/c being high in both; however, the 
correlation is completely spoiled by the C3H 
strain, which has a very high granulocyte num- 
ber but the lowest of all erythrocyte means. 
Separation of lymphocytic from granulocytic 
variation has shown no more relation between 
number of lymphocytes (at 2-3 months) and 
future potentiality for lymphatic leukemia 
than did the previous total and differential 
leukocyte counts. Thus, again it must be said 
that “it has not been shown that an observed 


strain difference is one facet of a difference in, 


a particular known pattern of physiological 
balance. .. . It may equally well be that there 
actually is no selective advantage within the 
total observed range ... (and) .. . the ob- 
served strain difference(s) might be chance 
fixation of a particular genotype.” 


GENETICS, ANESTHESIA ON GRANULOCYTE, AGRANULOCYTE LEVELS 


The significant effect of anesthesia is of © 
particular importance to analysis of existing 
literature and to planning of experiments. For 
example, the usefulness of the earlier work on 
total leukocyte counts of these same strains — 
(1) quoted in this paper is severely limited by — 
the fact that the total leukocyte counts were ~ 
taken on anesthetized animals, while the de- 
terminations of % granulocytes were on non- 
anesthetized animals. The possible differing 
reaction of different strains to nembutal should 
also be of importance to the planning of ex- 
periments. Further tests of strain difference 
in reaction of lymphocyte and neutrophil level 
to nembutal anesthesia, using larger numbers 
of animals in each group, would be a great 
scientific service. 

These data have definitely increased knowl- 
edge of the leukocyte characteristic of this 
group of inbred strains, particularly in demon- 
strating the reality and independence of gen- 
etic variation in granulocytes from the bone- 
marrow and lymphocytes from the lymphoid 
tissue. 


Summary. 1. Direct chamber counts of 
granulocytes and agranulocytes were made by 
the Randolph method in the blood of 2-3- 
month-old virgin females and males of 7 in- 
bred strains, with and without nembutal anes- 
thesia. 2. Analysis of variance demonstrated 
significant genetic differences among the 
strains in both granulocyte and agranulocyte 
counts. 3. Anesthesia contributes significantly 
to variations in granulocyte number. 4. From 
these data, the observed strain differences do 
not appear to be related to differences in 
other known physiological characteristics. 


1. Russell, E. S., Neufeld, E. F., and Higgins, C. T.,, * 
Proc. Soc. Exp. Brot. Mep., 1951, v78, 761. 

2. Randolph, T. G., Am. Jour. Clin. Path., 1944, 
v14 (techn. section, v8), 48. 

3, Ershoff, B. H., and Gaines, J. G., Scz., 1953, v118, 
20. 
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Effect of Glycerol and Freezing on Some Staining Reactions of Human 


Spermatozoa. 


(20583) 


J. K. SHERMAN AND R. G. BUNGE. 


from the Department of Urology, College of Medicine, State University of Iowa, Iowa City. 


Recently we(1) observed that human sper- 
matozoa in glycerol treated semen showed no 
obvious changes in motility or morphology 
after surviving freezing and thawing. It was 
decided, however, to test for more subtle 
alterations which may occur within the sper- 
matozoa as a result of such treatment. This 
was suggested by the observation of Keilin 
and Hartree(2) that freezing of spermatozoa 
changes the absorption spectrum of their cyto- 
chrome and Tyler’s(3) report that it may 
increase their release of a protein lysin. More- 
over, Lovelock(4) reported modifications in 
salt concentration during the freezing of red 
blood cells and indicated the general appli- 
cation of his results to other cells as well. 

The purpose of this communication is to 
present the results of an experiment designed 
to detect possible differences between the pro- 
tein of spermatozoal nuclei in untreated and 
glycerol treated semen before freezing and 
after thawing. The principle underlying the 
technic employed is that ‘‘staining intensity 
varies with changes in the protein and, con- 
sequently, is a sensitive criterion of the modi- 
fication to which the protein was previously 
subjected.” (Singer(5)). 

Methods. Dyes. Seven oxidation-reduction 
potential indicator dyes were employed (Table 
I). A 0.5% solution in appropriate buffers 
was prepared for each dye at pH 4, 5, 6, 7, 8, 
9, and 10 (when solubility permitted). Ace- 
tate buffer was used for pH 4, 5, and 6, 
phosphate buffer for pH 7 and borate buffer 
for pH 8, 9, and 10. Semen. Semen speci- 
mens, considered normal by the usual semino- 
logical tests, (Farris(6)), were obtained from 
2 donors and processed separately. After 
liquefaction, a portion of the semen was 
treated with glycerol, 9 parts semen to one 
part absolute glycerol. Four 12 x 75 mm 
bacteriological test tubes were then prepared, 
2 with 0.5 cc portions each of untreated semen 
and 2 with the same quantity of treated 
semen. One tube each of untreated and 


treated semen was then frozen by placing them 
in an insulated box containing dry ice 
(—70°C) and were subsequently thawed 24 
hours later in a 37°C water bath. The semen 
from these 4 tubes was processed as follows: 
Staining technic. Smears were made on or- 
dinary 3” x 1” slides and fixed overnight with 
equal parts of 95% alcohol and absolute ether: 
The slides were then washed in two 5 minute 
changes of absolute alcohol containing silica 
gel and dried for 10 minutes in a 37°C oven. 
The dried smears were placed in the dye solu- 
tion for one minute and then dipped 5 times 
in first 50% then 80% alcohol to remove ex- 
cess dye. This was followed by dehydrating 
in 2 absolute alcohol baths, one minute each, 
and by clearing in xylo! for 2 minutes prior to 
mounting in a synthetic resin. 


Microscopic examination. Using the same 
microscope and illumination, each author sep- 
arately rated the intensities of nuclear stain- 
ing. In some areas there were minor disagree- 
ments on intensity. These were resolved by 
re-examination. The intensity classification 
employed is shown in Table I. 


Results. The results of our study are 
summarized in Table I and were identical for 
the 2 semen specimens examined. No differ- 
ences in staining intensities were noted be- 
tween: 1) Fresh semen, untreated and treated 
with glycerol, 2) Frozen-thawed semen, un- 
treated and treated with glycerol, 3) Fresh 
and frozen-thawed semen, untreated and 
treated with glycerol. 


Discussion. Knowledge of the relative 
staining intensities achieved with a number of 
oxidation-reduction potential indicator dyes 
at different pH ranges probably gives infor- 
mation concerning changes at the sites of dye 
binding on the proteins which are stained. 
Such information may also indicate changes in 
the isoelectric points of these proteins. How- 
ever, Klotz(7,8), among others, presents 
chemical evidence to cast doubt upon the pre- 
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STAINING REACTIONS OF HUMAN SPERMATOZOA 


TABLE I. Staining Intensities of Spermatozoal Nuclei, of Untreated and Glycerol Treated 
Semen before Freezing and after Thawing, Following Exposure to Dyes Indicated.* 
Intensity is designated as 0 = unstained, + — faint, + = light, 24+ — moderate, and 34+ = 
dark. I= dye insoluble at given pH. 


Dye pH7 4 5 6 7 8 9 10 
Sodium 2,6, dichlorobenzenone indophenol -+.217 if Ab 0 0 0 0 0 
Brilliant cresyl blue +.047 oh + + 24+ + 0 0 
Methylene blue chloride +.011 + + 2+ 34+ 34+ 3+ 3+ 
K, indigo tetrasulfonate —.046 + o + + 0 0 0 
Cresyl violet —.167 2+ 38+ 34+ 38+ + ie i 
Safranin bluish —.421 a+ 2+ 24+ 34+ 3+ 3+ 3-4 
Phenosafranin —.525 + 2+ 2+ 384+ 24+ 3+ 3+ 


* Since pattern of staining, with reference to various dyes at given pH’s, was the same for 
all semen samples, a single table here represents the data obtained. 


cision of measurements of either the isoelectric 
points or the oxidation-reduction potentials of 
proteins through staining technics. Our con- 
clusions, however, concern only the detection 
of relative modifications in those proteins 
which are stained under the conditions of the 
experiment and no such relative alterations 
were detected in spermatozoal samples treated 
and frozen as described. 


Summary. No differences were observed 
between the staining intensities of sperma- 
tozoal nuclei in untreated and glycerol treated 
semen, either before freezing or after thawing, 
when they were stained at pH 4, 5, 6, 7, 8, 9, 
or 10 with certain oxidation-reduction poten- 
tial indicator dyes. On the basis of this 
criterion, it has been demonstrated that treat- 
ing 9 parts of liquefied semen with one part 
absolute glycerol, placing it in an insulated 
box containing dry ice (—70°C) for 24 hours, 
and then thawing it in 37°C water bath does 


not modify those proteins of the spermatozoal 
nucleus which are stained. 


The authors wish to acknowledge the technical 
assistance of Mr. Arthur Fishkin and Mr. Irwin 
Pesetsky. 
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Alteration of Activity of Thyroid Gland of Beef Cattle with Testosterone.*! 
(20584) 


Martin J. Burris, RALPH Bocart, AND Huco KRuEcER. 
From the Department of Animal Husbandry, Oregon Agric. Exper. Station, Corvallis. 


The ability of male hormones to cause 
weight increases in animals of several species 
has been reviewed by Kochakian(1). Re- 
cently the ability of testosterone to increase 
the average daily gain in beef cattle has been 
clearly demonstrated(2,3). The activity of 
the thyroid gland may be very important in 
the elucidation of the action of testosterone in 
stimulating growth processes. 

Materials and methods. Twelve heifers and 
12 steers were divided into 2 groups at random 
so that 6 heifers and 6 steers were in each 
group. One group served as controls and re- 
ceived no treatment while the second group 
was designated as the testosterone group and 
each calf received weekly intramuscular in- 
jections of 1 mg of testosterone per kg of 
‘body weight. The average daily gain and 
feed required per unit gain for individual 
calves were obtained for the period from 500 
to 800 lb live weight and are given in Table I 
for the treatment and sex groups. When each 
calf reached 800 lb live weight it was slaugh- 
tered and the weight of the thyroid gland 
taken. A representative sample of the gland 
was fixed in Bouin’s fixative and later sec- 
tioned, stained and examined for changes in 
histological structure. The remainder of the 
thyroid gland was placed in storage at —10°C. 
When all the animals had been slaughtered, 
the thyroid glands of 2 heifers and 2 steers in 


each treatment group were individually macer- 
ated in distilled water with a Waring blender 
for 5 minutes and then strained through a 
double layer of cheese cloth. The filtrate was 
diluted with distilled water until one gram 
of original thyroid tissue was contained in 7.5 
ml. The diluted filtrate was injected into 
mice 10 weeks of age, which had been on a 
ration containing 0.1% of thiouracil for 4 
weeks. One subcutaneous injection of 0.2 ml 
of the thyroid gland suspension was given each 
mouse and the mice were killed 36 hours later. 
Thyroid tissue from each calf was injected into 
3 male and 4 female mice. The mice were 
asphyxiated in one-half pint jars sealed with 
mason lids and maintained at room tempera- 
ture (24°C). The time interval required for 
death by asphyxiation in the sealed jars was 
recorded for each mouse. 

Experimental. ‘Testosterone treatment pro- 
duced a significant increase in the size of the 
thyroid glands of both heifer and steer calves, 
(Table I). Histological examination of the 
thyroid glands revealed that; while the thyroid 
glands of the control calves were character- 
ized by large colloid areas with epithelium of 
a low or cuboidal form, the thyroid glands of 
testosterone-treated calves were characterized 
by very small colloid areas with tall epithelial 
cells surrounding them. In control calves a 
very large amount of the total volume was 


TABLE I. Effect of Testosterone on Feed-Lot Performance and Thyroid Activity of Beef 
Heifers and Steers. 


Total digestible nutrients Wt of Survival 
consumed (1b) Avg daily thyroid time of assay 
Treatment group Perday Per lb gain gain (Ib) gland (g) mice (min.) 
Control heifers 10.39 4.98 2.09 16.3 43.2 
Testosterone-treated heifers 9.89 Suh De 2.61* 19.4* 48.1* 
Control steers 10.48 3.98 2.65 17.2 45.6 
Testosterone-treated steers 10.05 3.69% 2.74* OLOs 48.4* 


* Indicates a significant difference from corresponding control (.05 level). 


* This study was conducted in cooperation with 
Bureau of Animal Industry, U. S. Department of 
Agriculture, and State Experiment Stations under 
Western Regional Project W-1 on Beef Cattle Breed- 


ing Research. 

+t Approved for publication as technical paper 808 
by the Director of Oregon Agric. Exp. Station. Con- 
tribution of the Department of Animal Husbandry. 
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Thyroid glands from control and testosterone-treate 
FIG. 1. Thyroid from control animal. x 240, 
FIG, 2. Thyroid from animal receiving injections of testosterone. Note increased height of 
epithelium of follicle compared with control Cigale 24.0) 
FIG. 3. Thyroid from ¢ontrol animal. Note large amount of colloid in follicles. x 120, 
FIG. 4. Thyroid from animal receiving testosterone injections. Note reduction in colloid 
and greater proportion of cellular material. >< 120, 


occupied by colloid while in the testosterone- (plate 1). 
treated calves less than one-fourth of the total Testosterone had a definite effect on the 
volume of the gland was occupied by colloid ability of the thyroid gland to alter the time 


Tuyroip ALTERATION BY TESTOSTERONE 


TABLE II. Effect of Testosterone Treatment upon 

Ability of Thyroid Gland Tissue from Experi- 

mental Calves to Decrease the Time Required for 
Asphyxiation of Thiouracil-Treated Mice. 


Source of thyroid 
gland tissue 


Sex of mice used ——, 
Female All mice 


Male 


Survival time (min.) 


Heifers 
Control 33.6 50.4 43.2 
Testosterone 36.6 Sie 48.1 
Steers 
Control Doo 53.2 45.6 
Testosterone 37.0 56.9 48.4 


required for hypothyroid mice to die of 
asphyxiation. As is indicated in Table IT, 
the mice receiving thyroid material from con- 
trol calves asphyxiated more quickly than 
those receiving thyroid tissue from testoster- 
one-treated calves. In both cases the time 
required for asphyxiation was less than that 
of mice receiving no thyroid tissue. 
Discussion. The increased average daily 
gain and feed efficiency of the calves receiv- 
_ ing testosterone treatment as compared with 
control calves appears to be associated with an 
increased size of the thyroid gland and in- 
creased activity. The appearance of the thy- 
roid gland of testosterone-treated calves is 
indicative of a highly active state. The stores 
of thyroxine in the colloid areas have been 
depleted and the epithelial cells surrounding 
these colloid areas are tall columnar in appear- 
ance indicating a high degree of secretory ac- 
tivity. The inability of thyroid tissue of 
testosterone-treated calves to decrease the 
asphyxiation time of the thiouracil-treated 
mice as much as thyroid tissue from control 
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calves is indicative of a lower concentration 
of thyroxine in the gland and as a result a 
somewhat slighter effect on metabolic activity 
and asphyxiation time. This is an excellent 
example of an endocrine gland in which the 
retained hormone concentration is not di- 
rectly proportional to the activity of the gland 
in secreting that hormone. 


Summary and conclusions. 1. Testosterone 
injected intramuscularly at the rate 1 mg/kg 
of body wt per week in beef heifers and steers 
from 500 to 800 Ib live wt had the following 
effects: a) Increased average daily gain and 
decreased feed requirements per unit gain. b) 
Increased weight of the thyroid glands. c) 
Increased secretory activity of the thyroid 
gland. d) Decreased stores of thyroxine in 
the thyroid gland. 2. Correlations between 
thyroid gland activity and growth rate are sug- 
gested as indicating a possible mode of the 
action of testosterone in affecting growth of 
beef cattle. 3. A method is described using 
the time of asphyxiation of thiouracil-treated 
mice as a measure of thyroxine content of the 
thyroid gland. 

The authors are grateful to the Schering Corp., 
Bloomfield, N. J., who supplied the hormones used 
in these experiments. 
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Wee PW i 

2. Bogart, Ralph, Warnick, A. C., Dahmen, J. J., 
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3. Burris, M. J., Bogart, Ralph, Oliver, A. W., 
and Mackey. A. O., ibid, 1952, v11, 789. 
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Mixed Infections with Coxsackie and Lansing Poliomyelitis Viruses 


in Mice.* 


(20585) 


S. Epwarp SULKIN, Craic WALLIS, AND THoMas P. Murpny, Jr.! 


From the Department of Microbiology, Southwestern Medical School of the University of Texas, 
Dallas. 


It is already known that under certain 
circumstances 2 viruses may propagate simul- 
taneously in one host and in the same organ 
or tissue, each presumably utilizing individual 
metabolic pathways(1-4). Numerous studies 
have also shown that under certain experi- 
mental conditions one virus may exert an in- 
terfering or sparing effect on the other(5-7), 
or one agent may exalt the virulence of an- 
other(8-10). This preliminary report is con- 
cerned with certain reciprocal effects observed 
in mice infected with both Coxsackie and 
poliomyelitis viruses. 


Materials and methods. The 2 group B C 
virus strains,+ Ohio-R (type 2) and Nancy 
(type 3), used in these experiments, have been 
maintained by passage in 2-day-old Swiss 
albino mice and the Lansing poliomyelitis 
virus,’ has been maintained by passage in 
adult white Swiss mice. The infectivity titer 
of the stock Lansing virus prepared from cords 
and medullae from animals which succumbed 
to the infection within 5 days was 10°-8 LDso. 
Each stock C virus suspension consisted of 
20% brain or carcass from infant mice which 
had become paralyzed following subcutaneous 
inoculation. The quantity of virus present 
was determined by subcutaneous inoculation 
of randomized 2-day-old suckling mice and 
the 50% end-point (LDs9) was calculated 
according to the method of Reed and Muench 
(11). When the intraspinal route of inocula- 
tion was used the technic of Habel and Li(12) 
was employed. Animals which died or were 
found dead within 24 hours after inoculation 
of the Lansing virus were excluded from the 


* Aided by a grant from the Caruth Foundation 
and from the National Foundation for Infantile 
Paralysis. 

+ Student Fellow, National Foundation for In- 
fantile Paralysis. 

+ Kindly provided by Dr. Joseph L. Melnick. 

§ Obtained from Dr. Albert Milzer. 


analyses and were considered to be deaths 
from trauma. 

All animals were observed twice and some- 
times 3 times daily during the observation 
period of 30 days for extent of paralysis and 
deaths from poliomyelitis or C virus infection. 
Swiss albino mice (CFW) were used through- 
out these studies. 

Experiments with the Ohio-R C virus and 
the Lansing Virus. Each animal in one group 
of seventy-nine 4-week-old mice received one 
intracerebral inoculation of 10,000 LDso of C 
virus 5 days prior to an injection of the Lan- 
sing virus (150 LD;0). The 5-day interval 
used in this experiment is presumed to repre- 
sent the time required for the blocking virus 
(Ohio-R) to propagate to the necessary level 
in the tissue of predilection of the virus which 
is to be excluded. Normal infant mouse car- 
cass tissue was substituted for C virus in a 
second group of 81 mice. Each animal in a 
third group of 30 mice received an injection of 
C virus followed 5 days later with an injec- 
tion of normal adult mouse brain tissue. 
Brain-cord suspensions from animals which 
died without previous evidence of paralysis 
and which had received both viruses were 
tested for C virus by intraperitoneal inocula- 
tion of 2-day-old mice and for Lansing virus 
by intracerebral inoculation of 3-week-old 
mice. 

The results summarized in Table I show 
that this strain of C virus influenced signifi- 
cantly both the course and outcome of the 
experimental Lansing infection. The sparing 
effect became evident within 4 days after in- 
jection of the Lansing virus and _ persisted 
throughout the course of the experiment. 
When the experiment was terminated after an 
observation period of 30 days less than 10% 
of the controls which had received Lansing 
virus alone had survived as compared with 
36.7% of those which had been inoculated 
with both viruses. This difference is highly 
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TABLE I. Mixed Infections with Coxsackie Virus (Ohio-R Strain) and Lansing Poliomyelitis Virus in 
Adult Mice.* 


No. of mice 79 


Procedure 


--C virus (Ohio-R) and Lansing virust—, 
Deaths without 


OOOO ees 
a, 


81 
Normal infant mouse carcass tissue 
and Lansing virust 


— Polio deaths—_, paralysis§ — Polo deaths ——____, 
Following Polio Cvirus Following Without 
Results No paralysis deaths deaths No paralysis paralysis 
Animals infected 3 2¢ 2.5) 2 1 Gear} 1 
and dying from 4 8 (12.6) 5 3 19 19 (24.7) 17 2 
poliomyelitis or 5 7 (21.5) 6 1 18 (46.9) 18 
C virus infection 6 31@533) 2 ii 1 6 (54.3) 5 1 
(days after inj. 7 7 (84.2) 6 il Ie! 4 (58.3) 
of Lansing virus) 8 6 (41.8) 4 2 i 0 (58.3) 
9 3 (45.5) 3 4 (64.2) 2 2 
10 2 (49.9) il 1 4 (69.2) 3 1 
11-13 5 (53.1) 4 1 10 (81.4) 9 1 
14-16 4 (59.5) 3 1 5 (88.6) 5 
17-20 2 (62.0) 1 1 2 (90.1) 2 
21-25 1 (63.3) 1 0 (90.1) 
26-30 0 (63.3) 0 (90.1) 
Survivors Soe 36.7% cannes -9.9% aa 


* Unless otherwise indicated ail inoculations were made i.c.; inoculum 0.03 ml. 
: One i inj. of C virus (10000 LD,,.) 5 days prior to an inj. of Lansing virus (150 LD). 


” ” 


normal infant mouse carcass (0.03 ml of a 1.0% suspension) instead of C virus. 


‘ Brain and cord tested for © virus in suckling mice (i.p.) and Lansing virus in 3-wk-old mice (i.c.). 
|| Figures in parentheses indicate cumulative % deaths. 
{| Both Lansing and C virus demonstrated in this brain-cord suspension. 


** C yirus 14D; titer 10+, 


significant (p = <.0001). Similar results 
with the Conn.-5 and Nancy strains of group 
B C viruses have been observed by Dall- 
dorf(6). More recently, Stanley(6) reported 
that certain group B C viruses isolated in 
Sydney, Australia prolonged the incubation 
period of MEF, poliomyelitis virus infection 
in adult mice. 

On the basis of tests for both viruses there 
was evidence that Ohio-R strain proliferated 
in the CNS of some of the animals which had 
also received Lansing virus. At least 5 of the 
deaths without previous evidence of paralysis 
were considered to be due to C virus because 
a 10° brain-cord suspension produced char- 
acteristic C virus infection in suckling mice 
following intraperitoneal inoculation and 
failed to produce infection in adult mice fol- 
lowing intracerebral inoculation. In one in- 
stance the C virus LDs 9 titer was 10*® and 
in another both Lansing and C viruses were 
demonstrated in the CNS. In many instances 
it was possible to distinguish between the two 
experimental infections; the symptoms re- 
sulting from C virus infection consist of 


roughened coat, hunching, tremors and spas- 
ticity, while in the case of Lansing infections, 
aside from flaccid paralysis of one or more 
limbs, the animals have a smooth coat and ap- 
pear healthy. None of the 30 adult mice which 
had received massive doses of C virus followed 
by injections of normal mouse brain showed 
evidence of virus proliferation in the CNS. 
Aside from the evidence, then, that the Ohio- 
R strain of C virus exerts a sparing effect in 
adult mice infected with Lansing virus, the 
latter seems to enhance the virulence of this 
C virus for these otherwise insusceptible ani- 
mals. Experiments to determine the extent 
to which Lansing and other infections in adult 
mice increases the susceptibility in such an- 
mals to C virus infections are still in progress. 

Experiments with the Nancy virus and the 
Lansing virus. All inoculations in this experi- 
ment were made intracerebrally. Each animal 
in one group of forty-four 4-week-old mice 
received one injection of 500,000 LDs 9 of 
Nancy virus 5 days prior to an injection of 
approximately 10 LDs» of Lansing virus. The 
animals in a second group received normal 
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TABLE Il. Effect of Coxsackie Virus (Nancy Strain) on Course and Incidence of Disease in Adult Mice 
Infected with Lansing Poliomyelitis Virus.” 


Procedure 


C virus (Nancy) and Lansing virust 


Normal infant mouse 
careass tissue and Lansing virus} 


Limb paralyzed first Limb paralyzed first 
Fore- Hind- Without Fore- Hind- Without 
Results No. limb limb paralysis No. limb limb paralysis 
Exp. 1 44 mice 70 mice 
Animals infected 3 2 ( 2.8) 1 : 
and dying from 4 6 (11.4) 5 
poliomyelitis 5 2 ( 4.5) $ 2 7 a) 6 1 
(days after inj. 6 2 (OED) i 1 1 (22.8) = 
of Lansing vir- 7 2 (16.6) Hl it 2 (25.6) 2 
us) 8 3 (20.5) 2 1 2 (28.5) 2 
9 (225) 1 4 (34.2) 3 1 
10-13 1 (25.0) 1 ZS es) 1 1 
14-17 2 (29.5) 1 i 6 (45.7) 5 A 
18-30 0 (29.5) 0 (45.7) 
Y 7 F VE 
Survivors 70.5% 54.3% 
Limb paralyzed first{ 
Forelimb 41.7% 92.9% 
Hindlimb 58.3% 7.1% 
Ratio Forelimb/Hindlimb 0.7 13 
Exp. 2 56 mice|| “51 mice 
Animals infected 3 WC 19) 1 
and dying from 4 HAG )) 4 at 13 (27.4) 9 3 1 
poliomyelitis 5 8 (23.2) 3 5 8 (48.1) 8 
(days after inj. 6 6 (33.9) 1 5 4 (50.9) 3 a 
of Lansing vir- 7 9 (50.0) 6 3 (52.9) 1 
us) 8 4 (57.1) 3 1 0 (52.9) 
9 5 (66.1) 4 1 2 (56.8) 2 
10-13 1 (67.9) il 11 (78.4) 9 2 
14-17 1 (69.6) 1 4 (86.2) 3 1 
18-30 0 (69.6) 0 (86.2) 
NG ‘Bass 
Survivors 30.4% 13.8% 
Limb paralyzed first] 
Forelimb 58.9% 90.0% 
Hindlimb 41.1% 10.0% 
Ratio Forelimb/Hindlimk 1.4 8.2 


* All inoculations were made i.¢c.; inoculum 0.03 ml. 

+ One inj. of C virus (500000 LD,.) 5 days prior to an inj. of Lansing virus (10 LD,). 

{ One inj. of normal infant mouse carcass tissue (0.03 ml of a 1.0% suspension) instead of C virus. 
§ Figures in parentheses indicate cumulative % deaths. 


|| 150 instead of 10 LD; of Lansing virus. 


{ Percentages calculated on the basis of those that died following paralysis. 


infant mouse carcass tissue instead of C virus 
and served as controls. Each of 25 mice in 
still another group received massive doses of 
C virus followed by an injection of normal 
adult mouse brain tissue. The results of this 
experiment summarized in Table II (Exp. 1) 
indicate that the sparing effect which was 
evident early in the course of this experiment 
became less conspicuous as the experiment 
progressed. When the study was completed 
the difference in survival rates among controls 
as compared with those which had received 


both viruses was not statistically significant. 
None of the animals which had received large 
doses of C virus followed by normal mouse 
brain showed evidence of infection, and the 
Lansing virus failed to alter the susceptibility 
of the adult mice to the Nancy infection. The 
Nancy virus, however, seemed to have a notice- 
able effect on the pathogenesis of the Lansing 
virus infection. Generally, forelimb paralysis. 
occurs first in a large proportion of animals 
inoculated with Lansing virus(13,14). In 
these studies 93% of the animals receiving 
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TABLE III. Influence of Route of Inoculation of Coxsackie Virus (Nancy Strain) on Course and In- 
cidence of Disease in Adult Mice Infected with Lansing Poliomyelitis Virus. 


No. of mice 68 


Procedure 


C yirus (Nancy) and Lansing virus* 


56 
Normal infant mouse 
careass tissue and Lansing virust 


Limb paralyzed first Limb paralyzed first 
Fore- Hind- Without Fore- Hind- Without 
Results No limb limb paralysis No. limb limb paralysis 
Animals infected 3 4( 5.9)t 4 GES -6)) 2 
and dying from 4 2( 8.9) 2 G2) eae 
poliomyelitis 5 8 (20.6) 4 2 2 6( 18.0) 4 2 
(days after inj. 6 8 (82.3) 8 4 ( 25.2 4 
of Lansing vir- ve 2330.0) 28 D286) ee 
us) 8 0 (35.3) Qa(eoore 2 
9 2 (38.2) 2 E(B 5.9)0 eee 
10-18 10 (52,9) 10 NONEed320) ee LO 
14-20 B(64.7,)0 pee 2 4 16 ( 82.2) 16 
21-30 8 (76.4) 8 10 (100.0) 10 
a y 
Survivors 23.6% 0 
Limb paralyzed first|| 
Forelimb 85.0% 96.3% 
Hindlimb 15.0% 3.7% 
Ratio Forelimb/Hindlimb 5.7 26 


* One is. inj. of C virus (500000 LD,,.) 6 days prior to ic. inj. of 150 LD of Lansing virus. 


+ One i.c. inj. of 150 LD,, Lansing virus 6 days after is. inj. of normal infant mouse carcass tissue 


(0.03 ml of 1.0% suspension). 


¢ Figures in parentheses indicate cumulative % deaths. 
§ One of these animals survived 15 days after first evidence of paralysis. 
|| Percentages calculated on the basis of those that died following paralysis. 


Lansing virus alone developed forelimb paraly- 
sis first, while this occurred in only 41.7% 
of those which had received both viruses. In 
the group of animals which had received both 
viruses the frequency with which the forelimbs 
became paralyzed first as compared with the 
frequency of hindlimb paralysis appearing first 
showed a ratio of 0.7 to 1. In the control 
group this ratio was 13 to 1. It is conceivable 
that the C virus exerts its effect in the higher 
level of the CNS by “forcing” the Lansing 
virus to descend the spinal cord to those areas 
where innervation of hindlimb muscles arises. 
When this experiment was repeated at a later 
date with a somewhat larger challenge dose of 
Lansing virus (150 LDso) essentially the 
same results were obtained (Table II, Exp. 2). 

Another experiment was designed to de- 
termine the influence of route of inoculation 
of the Nancy virus on the pathogenesis of the 
Lansing virus infection. Each adult mouse 
in one group received one intraspinal injection 
of Nancy virus (500,000 LD;9) 6 days prior 
to an intracerebral injection of 150 LD;o of 
Lansing virus. Normal mouse carcass tissue 
was substituted for C virus. in another group 


of mice, while still another group of mice re- 
ceived an intraspinal injection of C virus fol- 
Icwed by an intracerebral injection of normal 
mouse brain tissue. The results of this experi- 
ment are summarized in Table III. No block- 
ing effect was evident for at least 15 days fol- 
lowing the injection of Lansing virus. When 
the experiment was terminated, however, none 
of the controls survived while 23.6% of those 
animals which had received both viruses sur- 
vived; a difference which is statistically sig- 
nificant (p = .006). Calculated on the basis 
of those which died following the development 
of paralysis, over 96% of the animals receiv- 
ing Lansing virus alone developed forelimb 
paralysis first, while this occurred in 85% of 
those which had received both viruses. In 
the control group the frequency with which the 
forelimbs became paralyzed first as compared 
with the first appearance of hindlimb paralysis 
showed a ratio of 26 to 1. In the group which 
had received both viruses this ratio was 6 to 
1. Not detailed in the tabulation is the fact 
that the progress of the infection in the con- 
trol group followed the usual course with 
development of hindlimb paralysis in a large 
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proportion of animals prior to death. Many 
of the animals which had received a previous 
intraspinal injection of C virus failed to de- 
velop hindlimb paralysis prior to death. This 
would suggest that the presence of C virus in 
the lumbar region of the spinal cord limits ex- 
tension of the Lansing virus thus altering the 
normal progress of this experimental infec- 
tion. Experiments designed to determine the 
validity of this concept are in progress. None 
of the adult mice which had received an in- 
traspinal inoculation of C virus followed by an 
intracerebral injection of normal brain tissue 
showed evidence of virus proliferation. There 
was no evidence of exaltation of the Nancy 
strain as demonstrated previously with the 
Ohio-R virus. In addition to influencing the 
survival rate of Lansing infection in mice, the 
intraspinal inoculation of the Nancy virus had 
a definite effect on the survival time after 
paralysis was first observed. Animals which 
had received both viruses survived, on the 
average, twice as long as those which had 
received Lansing virus alone. In one instance 
an animal which had received both viruses 
developed forelimb paralysis 7 days after the 
injection of the Lansing virus and died 15 days 
later. Another animal which had received 
both viruses developed forelimb paralysis 22 
days after the injection of the Lansing virus 
and was sacrificed over 6 months later. 


In addition to the extreme variability in the 
interval between the intracerebral inoculation 
of the Lansing poliomyelitis virus and the on- 
set of paralysis, a biphasic distribution of in- 
cubation periods occurs with some regularity 
(14-16). In the present experiments|| the 
biphasic distribution of incubation periods 
was evident only among those animals which 
had received Lansing virus alone. Neither of 
the groups of mice which had received in- 
tracerebral injections of the Ohio-R or Nancy 
viruses prior to the Lansing inoculation 
showed evidence of biphasic distribution of 
incubation periods. 


Summary. ‘The following reciprocal effects 
have been observed in mice infected with 


|| CFW mice were used in the experiments because 
they show less variability than other Swiss mice 
in their reaction to the Lansing virus(17). 
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viruses which do not possess the same degree 
of pathogenicity for the host. 1. The Ohio-R 
strain of C virus influenced significantly both 
the course and outcome of experimental Lans- 
ing poliomyelitis infections in 4-week-old white 
Swiss mice. 2. In the presence of the Lansing 
infection the virulence of the Ohio-R virus 
seemed to be enhanced for these otherwise in- 
susceptible animals. 3. The Nancy strain of 
C virus had a noticeable effect on the patho- 
genesis of the Lansing infection in 4-week-old 
mice. The frequency with which the forelimbs 
became paralyzed first as compared with the 
first appearance of hindlimb paralysis was 
influenced by the presence of Nancy virus in 
the higher levels of the CNS. The presence 
of Nancy virus in the lumbar region of the 
spinal cord, following intraspinal inoculation, 
seemed to limit extension of the Lansing virus 
thus altering the normal progress of this ex- 
perimental infection. 4. There was no evi- 
dence of enhancement of the virulence of the 
Nancy virus in the presence of the Lansing 
infection. 5. In addition to exerting a sparing 
effect on the Lansing infection, animals which 
had received a previous intraspinal inoculation 
of Nancy virus survived twice as long as those 
which had received Lansing virus alone. 6. 
The biphasic distribution of incubation 
periods generally observed among animals in- 
fected with the Lansing virus was not evident 
among those animals which had received both 
viruses. 


1. Syverton, J. T., and Berry, G. P., J. Exp. Med., 
1947, v86, 144. 

2. Sugg, J. Y., and Magill, T. P., J. Bact., 1948, 
v56, 201. 

3. Anderson, K., Am. J. Path., 1942, v18, 577. 

4. Ginsberg, H. S., and Horsfall, F. L., Jr., J. Exp. 
Med., 1949, v89, 37. 

5. Henle, W., J. Immunol., 1950, v64, 203, 

6. Sulkin, S. E., and Manire, G. P., Texas Rep- 
Biol. and Med., 1950, v8, 368; Dalldorf, G., J. Exp. 
Med., 1951, v94, 65; Stanley, N. F., Proc. Soc. Exp. 
Brov. anD Mep., 1952, v81, 430. 

7. Lennette, E. H., Ann. Rev. Microb., 1951, v5, 
277. 

8. Findlay, G. M., and Howard, E. M., Brit. J. 
Exp. Path., 1950, v31, 45. 

9. Lepine, P., and Marcenac, F., Ann. Inst. Past., 
1948, v75, 192. 

10. Gillespie, J. H., Robinson, J. T., and Baker, 


CYSTEINE PROTECTION AND RADIATION QUALITY 


J. A., Proc. Soc. Exp. Brot. AnD Mep., 1952, v81, 
461. 

11. Reed, L. S., Muench, H., Am. J. Hyg., 1938, 
v27, 493. 

12. Habel, K., and Li, C. P., Proc. Soc. Exp. 
Brot. AND Mep., 1951, v76, 357. 

13. Young, L. E., and Cumberland, M. C., Am. 
J. Hyg., 1943, v37, 216. 


189 


14. Sulkin, S. E., unpublished observations. 

15. Young, L. E., and Merrell, M., Am. J. Hyg., 
1943, v37, 80. : 

16. Theiler, M., personal communication to Young, 
L. E., and Merrell, M., ibid. 

17, Hammon, W. McD., and Izumi, E. M,, Proc. 
Soc. Exp. Brox. AnD Mep., 1941, v48, 579. 


Received July 22, 1953. PS.E.B.M., 1953, v84-. 


Comparative Protective Effect of Cysteine against Fast Neutron and 


Gamma Irradiation in Mice. 


(20586) 


Harvey M. Patt, JoHn W. Crark, AND Howarp H. VocEt, Jr. 


From the Division of Biological and Medical Research, Argonne National Laboratory, Lemont, Ill. 


There are numerous examples of protective 
effects by hypoxia and chemicals in radiation 
biology(1) and, for the most part, one is 
prone to interpret these phenomena in terms 
of the postulated energy transformations in 
irradiated water. Perhaps the most cogent 
evidence for this sort of mechanism is derived 
from comparison of the modifying influence 
of oxygen and of various substrates on the 
radiation-induced reactions in simple aqueous 
solutions and in living systems. The obser- 
vations of Thoday and Read(2,3) and, more 
recently, of Giles et al.(4) are particularly 
significant. The former found a negligible 
effect of oxygen deprivation on growth reduc- 
tion and chromosome aberrations in Vicia faba 
roots irradiated with alpha particles, while the 
latter observed an intermediate protective 
effect of hypoxia on aberration frequency in 
Tradescantia inflorescences exposed to fast 
neutrons. In each case, oxygen deprivation 
afforded considerable protection against the 
effects of gamma or X-irradiation. These find- 
ings parallel certain of the radiochemical re- 
actions involving oxygen in aqueous solution 
and will be discussed in connection with the 
data presented here. The present experiments 
are concerned with a comparison of the pro- 
tective efficiency of cysteine against the acute 
lethal effects of fast neutron and gamma ir- 
radiation in mice. Fast neutrons have been 
estimated to be some 4.5 times as effective as 
gamma rays for acute killing of mice(5). In 
view of the radiobiological importance of 


ionization density and of its contribution to 
chemical effects in water, useful information 
regarding radiation mechanisms may be 
gained from such comparisons of protective 
efficiency. 

Methods. Female mice (CF1) 10 to 12 
weeks of age and weighing 18-25 g were 
maintained on a diet of Rockland checkers 
and water ad libitum. Control and ex- 
perimental animals were irradiated simul- 
taneously, caged together in groups of 
10 to 15 and otherwise handled similarly. 
Cysteine was administered as a 12.5% 
solution of the hydrochloride neutralized 
to pH 7 with 10 N sodium hydroxide. Only 
freshly prepared solutions were employed. 
The cysteine dose was 1200 mg/kg of 
body weight and was given intravenously. 
Control mice were injected with an equiva- 
lent volume of 5% sodium chloride. In 
general, cysteine was injected between 5 and 
15 minutes before exposure. The exposure 
time varied from 80 to 90 minutes for gamma 
rays and 60 to 90 minutes for neutrons. The 
mice were exposed in the gamma-neutron 
radiation chamber recently described(6). The 
dose rate of gamma rays from the Co® source 
was about 11-12 r per minute. Fast neutrons 
were produced by allowing the neutrons from 
the thermal column of the Argonne CP-3’ 
reactor to impinge on uranium. Appropriate 
shielding devices prevented slow neutrons from 
reaching the animal exposure position. Several 
methods of dosimetry indicate that the gamma 
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TABLE I. Comparative Protective Effect of Cysteine. 


Cena ey na eeNs2 NC Ie CO FY 


CYSTEINE PROTECTION AND RADIATION QUALITY 


Fast neutron irradiation ———————_, 


Sodium chloride Cysteine Sodium chloride Cysteine 
Ves ae a eae SSS ——, 
% mor- %mor- % dose % mor- % mor- % dose 
Dose, No. tality No, tality re- Dose, No. tality No. tality re- 

r mice 30days mice 30days duction rep mice 30days mice 30days duction 
961 24 50 24 12 15.7 197 21 33 21 14 8.3 
968 40 75 40 45 9.8 205 35 46 36 25 8 
992 23 61 23 17 15.9 212 15 53 15 33 6.2 

1007 27 67 27 41 8.4 215 36 61 36 = 44 5.1 

1020 30 90 30 10 29.1 239 39 85 39 64 7.3 

1027 50 76 50 36 13.0 252 29 100 30 63 9.4 

1054 30 77 30 40 12.0 

Mean, 72 30 14.9-+-2.5* 66 43 7.2+.6 
all groups 


* Refers to stand. error of the mean. 


All differences between sodium chloride and cysteine treated mice are significant (p <.01). Differ- 
ence between mean % dose reduction for gamma and neutron irradiation is significant (p <.05). 


contamination of the fast neutron beam is less 
than 10%. The dose rate of fast neutrons was 
2-4 rep per minute. Animals were exposed in 
lucite cages previously standardized as to iso- 
dose groups for both gamma and neutron 
radiation. Equal numbers of cysteine and 
saline injected mice were included in each iso- 
dose group. 

Results. The results, summarized in Table 
I, reveal that cysteine pretreatment affords 
significant protection (p <.01; t test) against 
the acute lethal effects of both fast neutron 
and gamma irradiation. The protection ob- 
served with fast neutrons is, however, about 
half of that seen with gamma irradiation. This 
difference in protective capacity is statistically 
significant (p <.05). When these effects are 
evaluated in terms of the dose-mortality 
curves for the two radiations, the dose reduc- 
tion is 14.9% for gamma rays and 7.2% for 
fast neutrons. Cysteine appears to protect 
equally over the entire spectrum of mortality 
during the 30-day post-irradiation period. 
These findings, presented as the probability of 
death during each 3-day interval after ex- 
posure, are shown in Fig. 1. It may be noted 
that the maximum killing occurs around the 
8th day with neutrons and 14th day with 
gamma rays. In this analysis, the individual 
experiments in a particular group, e.g., sodium 
chloride-gamma irradiated or cysteine gamma- 
irradiated, were combined even though the 
radiation dosage differed from one experiment 
to another. 


In the case of gamma irradiation there is 
little difference in the mean day of death 
over the dosage range employed. With neu- 
trons, however, survival time decreases ap- 
preciably as the dosage is increased. In 
view of this dose dependence, it is necessary 
to examine the neutron experiments indi- 
vidually. The data in Fig. 2 indicate that 
the mean survival time (survivors counted as 
30 days) is the same function of the 30-day 


Fost Neutrons 


x 
e fe —e—e- NoC! injected (175) 
40° ~O--O Cysteine injected 

ing (177) 
w 
oa 
>> 

a 
eta 
a 
& mM 
ao 
ao: 
a 

C08 y rays 
es 
= NoCl injected 
oo 

ge (224) 
one ~O--0O- Cysteine injected 
eS (224) 
Sa 
>> 
a 
5a 
om 
< 
oo 
Sa 
e 
a. 


%6 2 5 8 " 14 \7 20 23 26 29 

DAYS POST IRRADIATION 
FIG, 1. Probability of death estimated over 3 day 
periods after irradiation of CF1 female mice with 


fast neutrons and Co® gamma rays. (Estimates 

based on numbers alive at start of each interval. 

The figures in parentheses refer to No. of animals 
exposed.) 
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FIG. 2. Relationship between mean survival time 
and 30 day lethality. (Includes decedents and sur- 
vivors, the latter counted as 30 days.) 


mortality in both control and cysteine treated 
irradiated mice. This may be taken as fur- 
ther evidence of the general reduction in the 
effective neutron dose by cysteine rather than 
of selective protection of specific physiologi- 
cal systems. 

Discussion. Cysteine has been shown to 
diminish many of the effects of X-irradiation 
in a variety of biological systems(1). The 


present experiments establish a protective | 


effect against acute lethality in mice result- 
ing from either gamma or fast neutron ir- 
radiation. It is noteworthy that the protec- 
tion in this instance is considerably less than 
that reported previously for mice and rats 
after X-irradiation(7,8). In the case of 
gamma rays this may be attributed to the 
protracted exposure necessary to deliver a 
lethal dose with the facilities available. It 
will be recalled that the magnitude of the 
protection is a function of the interval between 
injection and irradiation as well as of the 
cysteine dose(7-9). A similar argument may 
be advanced for the neutron exposure, al- 
though this is only part of the story since the 
dose reduction is less for neutron than for 
gamma irradiation under identical conditions. 

It may be noted that cysteine affords a 
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reasonably uniform protection against a num- 
ber of X-radiation sequelae in the mouse and 
that the efficiency of protection is apparently 
independent of radiation dosage(8). In gen- 
eral, the data presented for fast neutron and 
gamma irradiation are consistent with the 
concept of a true dose reduction in the sense 
that certain primary mechanisms are involved. 
Of particular significance is the finding that 
cysteine changes the mean survival time after 
neutron irradiation in the same manner as an 
equivalent reduction in radiation dosage. It 
follows, therefore, that the decisive protec- 
tive action occurs at a common and pre- 
sumably early stage in the sequence of events 
induced by irradiation. For the present, the 
most attractive mechanism involves an effect 
on the pathways of energy dissipation. 


Since water must serve as the major reposi- 
tory of the initial energy transfer, it is reason- 
able to look for an effect on the reactions of 
irradiated water. Although our understanding 
in this area is incomplete, several salient facts 
may be noted: 1) irradiated water consti- 
tutes an oxidation-reduction system; 2) the 
number of altered water molecules per unit 
of energy absorbed is independent of ioniza- 
tion density; 3) the nature and fate of the 
breakdown products are dependent on ioniza- 
tion density, the presence of oxygen and other 
solutes. The high ion density radiations are 
generally less effective than the low ion 
density radiations in initiating chemical re- 
actions in dilute aqueous solutions, whereas 
the reverse is true for many biological effects 
(10). It will be recalled that the protective 
effect of hypoxia decreases from gamma and 
X-rays to fast neutrons and is slight with 
alpha particles(2-4). Since the peroxide yield 
becomes less dependent upon oxygen with 
increase in ionization density, these results 
are suggestive of a greater role of H2O2 than 
of radical reactions in vivo. The greater dose 
rate dependence for most biological effects re- 
sulting from low ion density irradiation also 
parallels the situation for hydrogen peroxide 
formation in water(11). Other interpreta- 
tions are possible, however, particularly when 
the matter of biological organization is con- 
sidered. 

In contrast to the picture in dilute aqueous 
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solution, it seems likely that OH radicals 
formed close together will have greater oppor- 
tunities for reaction in the nonhomogeneous 
cell system with varying gradients of concen- 
tration and solubility and numerous interfaces 
exceeding the dimensions of a single compact 
radical track. Under these conditions, one 
might anticipate that the forward reaction to 
H,O. would be decreased and that the radical 
reaction with targets in the immediate vicinity 
would be enhanced. The small or negligible 
oxygen effect with high ion density radiations 
is consistent with such a scheme. Since the 
OH radicals generated by gamma and X-rays 
are distributed over a larger area, these radia- 
tions should be less effective particularly when 
two or more radical reactions must occur in 
close proximity in space and time as, for ex- 
ample, in the production of chromosome inter- 
changes. Hence, many types of effects with 
low ion density radiations may require radicals 
formed along two or more particle tracks, 
while a single particle track will suffice with 
high ion density radiations. The chances for 
interaction of hydrogen with oxygen to form 
HOz should be considerably greater with low 
ion density radiations, the result being an 
increase in effective radical concentration in 
the presence of oxygen with a corresponding 
increase in biological efficiency. The greater 
dose rate dependence of gamma and X-ray 
than that of neutron and alpha ray effects may 
also be interpreted in terms of an increase in 
effective radical concentration without regard 
to whether this is brought about by OH, HO. 
or H2Ov. 


The experimental findings in general are 
consistent with the assumption that cysteine 
serves as absorbing material for the oxidants 
formed in intracellular water. The decreased 
effectiveness with fast neutrons in contrast to 
gamma rays may then be attributed to a 
greater disparity in the concentration of radi- 
cals and peroxide along the particle tracks 
relative to that of cysteine. However, this 
interpretation is perhaps too naive for the 
biological system. Moreover, there is inde- 
pendent evidence that suggests that cysteine 
may act at least in part by diminishing the 
availability of oxygen(12-14). In this con- 
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nection it may be noted that biological ad- 
ditivity of two briefly spaced X-ray doses in _ 


mice is a simple function of the cysteine dose 
preceding each exposure(8) and that a similar 


additivity obtains for the oxygen effect on 


broad bean roots(15). Differences in the 
magnitude of protection by cysteine against 
the effects of gamma and fast neutron irradia- 
tion in mice are in essential agreement with 
the inverse relationship between ionization 
density and the extent of the oxygen effect. 
Some oxygen effect would be anticipated with 
fast neutrons, its magnitude depending on the 
energy of the recoil protons. 


It should be emphasized that there is no 


compelling reason to think of this sort of 
chemical protection only in terms of some 
interaction with, or interference in the pro- 
duction of, one or another of the primary 
radiotoxins derived from water. Protection 
of thymic cells by cysteine is dependent upon 
temperature both before and during the early 
post X-irradiation period(16). Thymic cells 
(14) and’ onion epidermis cells(17) are also 
partially protected when the amino acid is 
added immediately after X-irradiation. These 
findings suggest. that at least some of the 
protective phenomena cannot be interpreted 
completely in terms of immediate oxidative 
reactions. It is necessary, therefore, to in- 
quire about possible cysteine effects on the 
physico-chemical relationships of cell con- 
stituents and on other more delayed or second- 
ary reactions as well. Such effects may be 
relatively less important with high ion density 
radiations owing to the distinctive distribution 
of the reactive intermediates. 

Summary. Cysteine pretreatment has been 
shown to confer significant protection against 
the acute lethal effects of gamma (Co®) and 
fast neutron (fission)-irradiation in mice. The 
protection observed with fast neutrons is, 
however, about half of that found with gamma 
irradiation. The data presented support the 
concept of a true dose reduction in the sense 
that primary mechanisms are involved. The 
inverse relationship between protective effi- 
ciency and ionization density is comparable 
to that noted for the oxygen effect and, for the 
present, may best be interpreted in terms of 


DIAMOX AND COs ExcRETION 


the spatial distribution of the radicals formed 
in water and their reactions. 
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Effect of Carbonic Anhydrase Inhibitor (6063) on Arterial-Alveolar CO, 


Gradient in Man.* 


E. L. Becker, J. E. Hopter,t anp A. P. FISHMAN. 


(20587) 


(Introduced by Homer W. Smith.) 


From the Department of Physiology, New York University College of Medicine, New York City. 


Inhibitors of carbonic anhydrase activity 
have been employed in the effort to block the 
in vivo reaction, HxO + COs = H2CO3. Vari- 
ous physiological mechanisms are dependent 
upon this reaction. Hober(1) first demon- 
strated that sulfonilamide, a carbonic an- 
hydrase inhibitor, impairs the acidification 
mechanisms of the frog kidney. The use in 
the dog of stronger sulfonamide inhibitors, 
especially Diamox (6063 or 2-acetylamino-1, 
3,4-thiadiazole-5-sulfonamide), has implicated 
carbonic anhydrase in the secretion of hydro- 
chloric acid by the stomach(2) and of bicar- 
bonate by the pancreas(3). It has been re- 


* This work was supported in part by research 
grants from the Atomic Energy Commission and 
the National Heart Institute of the National Insti- 
tutes of Health, Public Health Service. These studies 
were conducted in the Cardio-Pulmonary Laboratory, 
Chest Service, Bellevue Hospital, with the technical 
assistance of Mrs. H. Bodeen. 

+ Fellow of the Genossenschaft ftir Biologisch- 
medizinische Stipendien, Basel, Switzerland. 


cently shown(4) that Diamox increases plas- 
ma bicarbonate concentration and pCO, in 
marine fishes, an effect possibly attributable 
to inhibition of erythrocyte carbonic anhy- 
drase. 

Roughton(5) showed that carbon dioxide 
exchange in unanesthetized humans was im- 
peded when sulfonilamide was combined with 
exhaustive exercise. In anesthetized dogs(6), 
Diamox is reported to interfere with CO». 
transport, possibly by inhibition of the ery- 
throcyte enzyme system. It was the purpose 
of this study to determine whether the car- 
bonic anhydrase inhibitor, Diamox, in con- 
centrations adequate to inhibit renal acid ex- 
cretion, would interfere with the transport of 
CO, from pulmonary capillary blood into the 
alveoli in normal, non-anesthetized human 
subjects. 

The subjects were 3 convalescent patients 
without cardiac, renal, or pulmonary diseases 
from the First (Columbia University) Medi- 
cal Division of Bellevue Hospital. These pa- 
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DiamMox AND CO, EXcrETION 


tients were trained by repeated cardio-pul- 
monary studies until they could relax with 
constant oxygen consumption and RQ despite 
arterial puncture and gas collection. Two of 
the subjects were studied at rest, the other 
was also studied during a steady state of mild, 
active leg exercise. 


Methods. After a period of rest an in- 
dwelling urethral catheter and brachial ar- 
terial needle were placed in position, Obser- 
vations were begun 1% hour later. Expiratory 
gas, arterial blood and urine were collected and 
analyzed according to methods described else- 
where(7). End expiratory gas was collected 
by a Rahn(8) sampler and analyzed for CO. 
and Os: using the micro-Sholander gas ap- 
paratus. Blood and urine COs-contents were 
determined by the method of Van Slyke and 
Neill(9). Arterial blood pCO, was calculated 
from the COz content, pH and per cent oxygen 
saturation, using the line charts of Van Slyke 
and Sendroy(10), pH was determined directly 
by the McInnes-Belchen glass electrode. Po- 

-tassium and sodium concentrations were de- 
termined by an internal standard flame photo- 
meter. Glomerular filtration rate was esti- 
mated from the endogenous creatinine clear- 
ance (Ccr) using the method of Bonsnes and 
Taussky(11). After 2 control periods, 50 mg 
per kg body weight of Diamox? were adminis- 
tered orally. This dose is approximately 5 
times that needed to produce an alkaline urine 
in man, as reported by others. Observations 
were then repeated one and 2 hours later. 


Results. In the resting subjects, Diamox 
caused an increase in the excretion of sodium, 
potassium and bicarbonate, and an increase in 
urine flow. (Table I). These renal effects 
were not associated with any change in minute 
ventilation Vr, oxygen consumption Vos, 
respiratory exchange ratio (RQ), arterial or 
alveolar carbon dioxide tension (Paco: and 
PAco2). Mild exercise, sufficient to double the 
oxygen consumption, did not reveal any im- 


+ Diamox was kindly supplied to us by the 
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pairment in the elimination of carbon dioxide 
(Table IT). 


These observations demonstrate that in the 
resting subject, Diamox may have a substan- 
tial renal effect with no interference with the 
passage of CO. from pulmonary capillary 
blood into alveoli. The combination of Diamox 
plus increased COs production induced by 
mild exercise also failed to impede COs elimi- 
nation into the alveoli. This failure to in- 
fluence pulmonary COs excretion may be due 
to the large concentration of carbonic an- 
hydrase in the human erythrocyte as com- 
pared to other tissues. 

Summary. Diamox (6063) was adminis- 
tered per os to 3 human subjects without pul- 
monary disease in single doses of 50 mg per 
kg body weight. This dose elicited typical 
renal effects (diuresis and increased excretion 
of bicarbonate, sodium and potassium) but 
failed, even when combined with mild exer- 
cise, to interfere with CO, elimination from 
pulmonary capillary blood into alveolar air. 


1. Hober, R., Proc. Soc. Exp. Biot. anp Mep., 
1941, v49, 87. 

2. Janowitz, H. D., Colcher, H., and Sore gee Fs 
Fed. Proc., 1952, vl11, 78. 

3. Hollander, F., and Birnbaum, D., Trans. N. Y. 
Acad. Sci., 1952, Ser. II, v15, 54. 

4. Heinemann, H. O., and Hodler, J. E., Bull. Mt. 
Desert Island Biol. Lab., 1953. 

5. Roughton, F. J. W., Dill, D. B., Darling, R. C., 
Graybiel, A., Knehr, C. A., and Talbott, J. H., 
Am. J. Physiol., 1941, v135, 77. 

6. Tomashefski, F., Clark, R. T., and Chinn, H. L., 
Fed. Proc., 1953, v12, 144. 

7. Baldwin, E. deF., Cournand, A., and Richards, 
D. W., Medicine, 1948, v27, 243. 

8. Rahn, H., and Otis, A. B., J. App. Physzi., 
Wal 7AM 

9. Van Slyke, D. C., and Neill, J. M., J. Biol. 
Chem., 1924, v61, 523. 

10. Van Slyke, D. D., and Sendroy, J., J. Biol. 
Chem,. 1928, v79, 781. 

11. Bonsnes, R. W., and Taussky, H. H., ibid., 
1945, v158, 581. 


1949, 


Received July 1, 1953. P.S.E.B.M., 1953, v84. 


196 


Chemistry of Acid-Fastness.* 


J. W. Bere.t 


(20588 ) 


(Introduced by H. S. N. Greene.) 


From the Department of Pathology, Yale School of Medicine, New Haven, Conn. 


Recent work from this laboratory(1) has 
shown that the acid-fastness seen in myco- 
bacteria resided in two different properties of 
the cells. First, there was an acid-fastness 
dependent upon cell structure, and hence 
shown by intact but not by crushed tubercle 
bacilli. Secondly, in the same cells there was 
an acid-fastness not altered by structural 
changes but rather dependent upon chemical 
composition. This second type of acid-fast- 
ness was lost only when compounds of the 
mycolic acid type were removed from the cells. 
Further, purified mycolic acid showed this 
same type of acid-fastness to the same degree. 
Lepra bacilli and sperm showed only the 
second type of reaction corresponding to the 
reactions respectively of leprosinic acid and 
the similar lipid recently found in human 
sperm(2). 

The next logical step seemed to be a study 
of the reaction between mycolic acid and a 
basic dye. Contrary to previous beliefs(3) a 
stoichiometric relationship was found to exist 
between acid and dye. In addition the com- 
plex formed between mycolic acid and the 
dye was found to have specific and particu- 
lar properties that set it off from combina- 
tions of the same dye with other organic acids. 

Materials. Several samples of mycolic acid 
and leprosinic acids as well as the model acids 
tested were obtained from Dr. E. Mylon of 
this department. Highly purified leprosinic 
acid and the methyl, acetyl, and methyl- 
acetyl derivatives thereof were generously pro- 
vided by Dr. C. A. Hargreaves, Dept. of 
Chemistry. 

Stain-Commission certified crystal violet 
(C.I. 681, lot No. NC 32) was the dye chosen 
for the study. Although all basic dyes give 
the acid-fast reaction(4), crystal violet had 
several advantages. It was the only dye, bril- 


* Aided by a grant from the National Cancer 
Institute of the Public Health Service. 

+ Post-graduate Fellow, National Cancer Institute. 

Present address: Department of Pathology, Memor- 
ial Center, New York City. 


liant in the visible range, which was com- 
pletely removed from non-acid-fast materials. 
by the standard acid-alcohols. Most other 
dyes left some residual stain in all non-acid- 
fast tissues, and the fuchsins left a large 
amount. This absence of non-specific stain- 
ing offered the hope that there might also be 
fewer complicating chemical reactions en- 
countered. Further the dye had a symmetri- 
cally resonating structure: 


eae 


ee) 3 
Wy 
H,CNCH, 


which it was thought might simplify the inter- 
pretations of the results. 

Results. A. Determination of dye-acid 
equilibria. The method, adapted from Glass- 
tone(5), was based on the fact that while the 
dye was soluble both in water and chloroform, 
the mycolic and leprosinic acids were soluble 
only in the latter solution. 

Approximately 10 mg of dye was accurately 
weighed and dissolved in 500 ml of water. 
100 ml of this solution was mixed with 25 ml 
of chloroform. In a second flask, 150 ml of 
the aqueous dye was added to 25 ml of chloro- 
form containing about 10 mg of the acid in 
question. The movement of the dye from 
water to chloroform was determined colori- 
metrically for both systems. Equilibrium was. 
reached for the partition of dye between 
water and chloroform in 6 days at room temp- 
erature (27 + 2°C) and in 10 days for the 
acid-dye systems. 

In the calculations it was assumed that the 
distribution of free dye in the two solutions: 
was constant over the range of dye concen- 
tration studied, and that the amount of free 
dye in the chloroform layer was dependent on. 
the concentration of dye in the aqueous layer 


. 
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TABLE I. Values at Equilibria for the Reaction 
between Acid-Fast Lipids and Crystal Violet. 


: mg acid/ gacid/ Molecular wt 
Acid mg dye* mole ofdye acid and source 
Mycolie 3.20 1300 + 100 
3.16 1290 + 100 1284 (6) 
Leprosinie 2.97 1210 + 100 ; reo i (7) 


_~ Dye wt corrected to a purity of 91% (by titra- 
tion) as given by the certification analysis. Dye 
molecular wt 408. 


but not on the amount of dye combined with 
the acid. If these assumptions were true, 
since the amounts of dye in the aqueous lay- 
ers at the beginning and the end of the experi- 
ment were known, the amount of dye in the 
chloroform layer could be calculated. That 
in excess of the dye in equilibrium with the 
water would be combined with the mycolic 
or leprosinic acid. The results of the experi- 
ment are given in Table I. It is seen that 
the amount of fatty acid equivalent to one 
mole of dye was approximately equal to the 
molecular weight of the acid. This ratio was 
independent of the amount of excess dye 
present. Hence, within the limits of the 
technic the reaction may be considered to 
have gone to completion. Most striking per- 
haps was the fact that the 1:1 ratio held 
between dye and leprosinic acid although that 
acid is known to possess 2 carboxyl groups. 
This suggests that the 2 acid radicals are not 
equivalent. The difference may lie in the 
other reacting groups near the active carboxyl 
(see below). In any case, the reaction ap- 
peared different enough to merit further in- 
vestigation of the complex which was formed. 

B. Characterization of combination between 
crystal violet and acid-fast lipids. The com- 
plex formed between dye and mycolic or lep- 
rosinic acid was soluble as were the acids 
themselves although the dye alone was not. 
When one of these acids was added to xylene 
layered over the dry dye, the complex was 
rapidly formed as evidenced by the appear- 
ance of intense color in the solution. Excess 
dye was then removed by filtration. Xylene 
was removed by evaporation. The material 
was redissolved in chloroform, the common 
solvent for the spectral determinations re- 
ported hereafter. The visible and ultra-violet 
spectra of the complexes, the pure acids, and 
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the dye were determined with a Cary record- 
ing spectrometer. ‘The results are shown in 
Fig. 1. The complexes showed the same ab- 
sorption peak at 5900 R. as did the pure dye. 
In addition there was even more absorption 
in a band centered about 3500 A which did 
not correspond to any similar band in the 
spectrum of the pure dye. Neither did my- 
colic or leprosinic acid absorb at or near this 
point. The specificity of this new adsorption 
band was emphasized in the study of reactions 
of other fatty acids.- Cerotic acid, chaul- 
moogric acid, hexacosanoic acid, 10-methyl- 
hexacosanoic acid, 10-methyl docosanoic acid, 
cetyl benzylacetic acid, methyl behenic acid, 
a methyl-arachidic acid, o methyl tetracosan- 
oic acid, a methyl stearic acid, a methyl cerotic 
acid, and 10 methyl tetracosanoic acid were 
all examined and found to be non-acid-fast. 
Decylmalonic acid, cetylmalonic acid, and 
hydnocaprylmalonic acid appeared acid-fast 
and formed a xylene-soluble complex with 
crystal violet. However, these complexes 
showed the same absorption curve in the U-V 
range as did the pure dye, with no evidence 
of absorption at 3500 A. 

C. Nature of groups involved in the dye- 
leprosinic acid complex. It was recently re- 
ported(8) that the carboxyl group was neces- 
sary for the reaction between dye and mycolic 
acid but that the hydroxyl group on the acid 
could be blocked without affecting acid-fast- 
ness. Since the only test of the reactivity 
had been staining itself, the problem was re- 
examined to determine whether blocking of 
either carboxyl or hydroxyl groups would af- 
fect the solubility and/or absorption of the 


chloroform). 


Gn 
Crystal violet and mycolic acid, crystal 


Absorption spectra 
violet and leptosinic acid. —--—-— Crystal violet, 
erystal violet-decylmalonie acid, crystal violet- 
hexacosanoic acid. ...... Mycolie acid, leprosinie 
acid. 
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product. The purified leprosinic acid gave 
the reactions described above. When the 2 
carboxyl groups were blocked by methylation, 
the substance no longer formed a xylene- 
soluble complex with the dye, nor did a mix- 
ture of dye and ester in chloroform show 
absorption at 3500 A. More surprising, ex- 
actly the same thing occurred with the com- 
pound when one hydroxyl group had been 
blocked by acetylation although both carboxyl 
groups were free. Therefore, both the acid 
and the hydroxyl groups appeared necessary 
for the definitive dye-leprosinic acid reaction. 
Discussion. The constant stoichiometric 
combination of dye and acid-fast lipid, the 
altered solubility of the complex, and the ap- 
pearance of the completely new absorption 
band all speak not only for the uniqueness of 
the reaction but for the stability of the com- 
pound which is formed. It is this stability 
which is described by the term “‘acid-fastness” 
as it refers to the relative difficulty with 
which the complex is separated by acid hy- 
drolysis. Especially if the new absorption 
peak is interpreted as signifying a new resonat- 
ing system in the complex, the union between 
mycolic acid and dye would appear far differ- 
ent from simple ionic relation ordinarily postu- 
lated for basic dye and acid substrate. 
Whether or not the specificity of the reaction 
lies wholly in the juxtaposition of carboxyl 
and hydroxyl groups, both appear necessary 
for the reaction and so must be considered in 
the formulation of any theoretical resonating 
structure. The present information appears 
insufficient however to describe the complete 
structure of the dye-mycolic acid complex. 
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Summary and conclusions. A study was 
made of the reaction between crystal violet 
and lipids of the mycolic acid type, consider- 
ing this to be a prototype of the more general 
reaction between basic dye and acid-fast lipid. 
The reaction went to completion in chloroform 
and at the end 1 mole of dye had combined 
with 1 mole of mycolic or leprosinic acid. 
The complex so formed was soluble in xylene 
as well as chloroform although the dye had 
been soluble only in the latter solvent. The 
complex exhibited an intense absorption band 
in the near ultra violet (3500 A) which was 
not present with either the pure dye or pure 
acids. Other acids were tested and while 
they might react with the dye, the specific 
adsorption peak was not produced. If either 
the carboxyl groups or the hydroxyl group of 
leprosinic acid were blocked the characteristic — 
reaction did not occur. 


This work was done in the laboratory of Dr. H. 
Bunting. In addition to Dr. Bunting, special thanks 
are to due to Dr. C. A. Hargreaves and J. F. Riley 
for their assistance and advice. 
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Early studies on the cardiac action of aco- 
nite dealt largely with its use as a “sedative”. 
A vagal action, supposedly central and an- 
tagonized by atropine, and a direct muscle 
action were recognized. Renewed interest has 
been concerned with those abnormal rhythms 
that may occur spontaneously or be induced 
by a single properly timed electric shock in a 
heart under the influence of that drug. Cushny 
(1) early held that the arrhythmias he ob- 
served resulted from 2 factors: 1) retarded 
recuperation of contractile and conductive 
power, and 2) an increased tendency to spon- 
taneous movements. 

The purpose of the present study has been 
to reexamine the action of aconitine on the 
primary properties of heart muscle. The 
' heart of the turtle Pseudemys elegans was 
used as isolated whole heart, isolated auricles 
and ventricular strips, and a few observations 
were made on isolated frog hearts. Prepara- 
tions were immersed in oxygenated phosphate 
buffered Ringer solution and temperature 
maintained at approximately 16°C. To fol- 
low mechanical activity whole auricles or 
ventricular strips were suspended in a muscle 
bath and the beat recorded on a smoked drum. 
Electrical activity was recorded by a Grass 2 
channel amplifier with ink writer. Aconitine 
nitrate in concentrations ranging from 1:1 
million to 1:250 was added to the bath. 


Contractility. The auricular beat was early 
reduced by vagal action and could be prompt- 
ly restored by atropine. This negative ino- 
tropic effect was independent of rate change. 
Later, contraction decreased either because of 
rate increase or direct muscle action. Con- 
tractility of ventricular strips was usually de- 
pressed, though at times the amplitude was 
maintained or temporarily increased, in spite 


* This work was supported by funds of a grant 
from the Division of Research Grants and Fellow- 
ships, the National Institutes of Health (National 
Heart Institute), U. S. Public Health Service. 


of a higher rate of beating. Alternation, an 
effect emphasized by Cushny, rarely appeared 
in these preparations. Late muscle relaxation 
was the rule, and even with high concentra- 
tions diastolic shortening, a non-specific toxic 
effect, rarely occurred. 


Rhythmicity. The rate response of the 
spontaneously beating auricle was variable and 
not always dependent on drug concentration. 
Usually, slowing and often standstill occurred 
within 2 or 3 minutes, or up to 12 minutes 
after adding the drug. From 10 to 20 min- 
utes after that effect progressive quickening 
began and a high rate was maintained. The 
maximum rate recorded was 90 per minute. 
Early slowing or standstill was promptly re- 
lieved by atropine. In a few auricles early 
and progressive quickening occurred without 
previous slowing. Both early and late quick- 
ening could be slowed by acetylcholine, at 
times to standstill. In the initially atropinized 
auricle (atropine 1:10,000) brief slowing 
sometimes followed aconitine, but rate in- 
crease soon occurred. Extrasystoles were in- 
frequent. In one frog preparation but in none 
of the turtle auricles did spontaneous fibrilla- 
tion appear. In 2 spontaneously beating ven- 
tricular strips rate increase began 15 minutes 
after aconitine was added; in a third slowing 
with periods of standstill appeared after 3 
minutes, with recovery 40 minutes later. In 
rhythmically stimulated ventricular strips 
spontaneous beating began from 3 to 90 min- 
utes after aconitine, earlier with the higher 
concentrations. The maximum rate of spon- 
taneous beating for these strips was 40. The 
appearance of spontaneous beating was inde- 
pendent of the effect of the drug on the thresh- 
old for electrical stimulation and could occur 
when threshold had been raised. With high 
concentrations extrasystoles and bigeminy ap- 
peared late and 1:500 caused late slowing. 
Ventricular fibrillation did not occur in any of 
the turtle preparations but appeared in one 
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FIG. 1. Aconitine on auricular refractory period, 
measured as minimal shock to Q interval and ex- 
pressed as % of control. Solid circles, aconitine 
alone (see text). Open circles, aconitine 1:50000 
at zero time; atropine added after 10 min.; mean 
of 2 experiments. -Dotted circles, aconitine 
1:50000 added 12 min. after atropine at zero 
time; mean of 5 experiments. Solid squares, aconi- 
tine 1:500, 20 min. after atropine; 2 experiments. 
Atropine concentration 1:10000 in each instance. 


of 5 frog hearts studied, and at a time of 
normal auricular activity. This sequence in 
the frog heart under aconitine was also ob- 
served by Cash and Dunstan(2) and sug- 
gests the importance of the vagus for the de- 
velopment of fibrillation. Rate increase in 
the spontaneously beating auricle and the 
initiation of spontaneous beating in ventri- 
cular preparations constitute the outstanding 
action of aconitine. The fact that in both 
preparations initial electrical wave forms were 
almost always maintained suggests that the 
effect is due to enhancement by the drug of 
the intrinsic rhythmic mechanism of the tis- 
sues. 

Refractory period. In the spontaneously 
beating auricle aconitine greatly shortened the 
refractory period, measured as the minimal 
interval from a normal beat to the earliest 
shock followed by response. Shock strength 
and duration were kept constant throughout 
each experiment. Results for 4 groups of 
experiments, expressed as % of the control 
period, are shown in Fig. 1. Because of negli- 
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gible differences with concentrations of 
1:50,000 and 1:100,000 the mean value for 
those 2 in 8 experiments was used (solid 
circles). The apparent rise which began 15 
minutes after the drug may be explained by 
threshold increase due to the drug or to in- 
creased rate of beating while shock strength 
remained unchanged. For drug concentra- 
tions up to 1:1000 the shortening was entirely 
vagal and promptly terminated by atropine 
(open circles). It has been shown that high 
concentrations of atropine affect the refractory 
period of the turtle heart only by vagal an- 
tagonism(3). In the initially atropinized 
auricle with aconitine concentrations less than 
1:1000 the refractory period was not short- 
ened. With concentrations of 1:500, shorten- 
ing was produced by direct muscle action in 
a few experiments, but usually the early 
threshold rise and rate increase prevented re- 
fractory period measurement. In the fore- 
cited observations no distinction was made 
between single and multiple responses to a 
single shock. In certain auricles response fol- 
lowed shocks that arrived on the downstroke 
of the depolarization wave. The interval be- 
tween that early point and the peak of the 
repolarization wave usually represented the 
time during which multiple response might 
follow single shocks. The period which sepa- 
rated single and multiple responses was highly 
critical, ranging from 0.05 to 0.10 sec. During 
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FIG. 2. Aconitine on ventricular refractory period, 
expressed as % change of Q-T interval of electro- 
gram. 
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FIG. 3. Effects of aconitine 1:2500 on electro- 

grams of a driven ventricular strip. A. Control. 

After aconitine: B. 11 min.; C. 25 min.; D. 40 

min.; HE. 45 min.; F. 50 min.; G. 60 min., no re- 
sponse, 


auricular standstill due to aconitine the tissue 
responded regularly to a rapid series of 
shocks, and properly placed double shocks 
could evoke multiple response. Observations 
on the multiple response reaction seen in these 
experiments and its possible relation to the 
genesis of spontaneous arrhythmias will be 
published separately(4). Because of the 
tendency of aconitine to cause early spontane- 
ous beating in driven ventricular strips, ex- 
amination of its effect on ventricular refractory 
period was limited to a few observations on 
the Q-T interval of the electrogram. Although 
response to shocks arriving before T waves in 
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_the aconitine treated auricle suggests that the 


Q-T interval may not always be equivalent to 
the absolute refractory period, as was found 
in the normal and digoxin treated turtle ven- 
tricle(5), they may be expected to vary in 
the same direction. Only with concentrations 
greater than 1:5000 did significant Q-T short- 
ening occur, Fig. 2. Marked Q-T shortening 
by 1:2500, followed by the appearance of 
diphasic and finally monophasic complexes is 
illustrated in Fig. 3. Such conversion to 
monophasic complexes by aconitine was early 
noted in the frog heart by Hermanns(6). 
Multiple response was not obtained in ven- | 
tricular strips. 


Threshold and conduction. The effect on 
threshold for electrical stimulation was ob- 
served in the ventricular strips from which 
the beat was mechanically recorded. Again, 
the early appearance of spontaneous beating 
limited the study. With aconitine concentra- 
tions up to 1:32,000 either slight increases or 
decreases occurred but in only one of 12 ex- 
periments was there a significant and sustained 
rise, Fig. 4. Rate increase alone will raise the 
threshold for stimulation. With a concentra- 
tion of 1:500 the threshold for single extra 
shocks placed at the end of the recovery period 
rose promptly and even doubled before the 
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FIG. 4. Aconitine on resting threshold for electrical stimulation of turtle ventricle, expressed 
as % of control. 
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FIG. 5. Aconitine on conduction velocity in strips of turtle ventricle driven at 15 beats/min., 
expressed as % of control. 


rate rise due to spontaneous beating. Subse- 
quent threshold rise exceeded that anticipated 
for rate increase. Resting excitability was 
further studied in 5 preparations by determin- 
ing strength-duration curves for threshold 
rectangular shocks that would drive ventricu- 
lar strips at 15 per minute. With aconitine 
concentrations of 1:25,000 and lower minor 
variations in the rheobase were seen but cal- 
culation of chronaxie revealed no significant 
change. The early onset of spontaneous beat- 
ing prevented detailed excitability studies with 
higher concentrations. As far as could be 
determined the appearance of a spontaneous 
rhythm was independent of any excitability 
change. Conduction velocity in driven ven- 
tricular strips was estimated from the R-R 
peaks of the electrograms with unipolar elec- 
trodes separated by about 15 mm. For the 
experiments recorded in Fig. 5 decreased 
velocity is shown. It is recognized that these 
may represent selected experiments since in 
others the distal intrinsic R deflection could 
not be identified. Moreover, in tissues with 
relatively poor initial conduction further de- 
pression will be more readily produced. There 
seemed no doubt, however, that aconitine was 


able to depress conductivity, at times by com- 
paratively low concentrations. 

In driven ventricular strips the electrical 
latent period, the interval from the shock to 
the depolarization wave, was prolonged only 
by aconitine concentrations greater than 
1:20,000 (Fig. 3). 

The QRS complex of certain ventricular 


electrograms was appreciably prolonged by — 


aconitine, an effect not always related to con- 
centration. In Fig. 3, showing the response to 
1:2500, QRS after 60 minutes was 120% of 
the control. In another experiment the QRS 
interval was 150% of the control 30 minutes 
after 1:100,000. In many experiments the 
magnitude of the complexes was increased. 
The reason for those changes is not apparent. 
Since the electrodes were small wicks and the 
leads practically unipolar, such alteration may 
not be due solely to conduction effects but 


may represent some slowing by the drug of the 


depolarization process itself. 

Summary. The effect of aconitine on the 
primary properties of heart muscle has been 
studied in the cold-blooded heart. Its con- 
stant action was to increase the rate of spon- 
taneous beating or to initiate a spontaneous 
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rhythm in’ driven ventricular strips. This 
action appeared to be independent of change 
in resting excitability and to result from en- 
hancement of intrinsic rhythmicity. Vagal 
action on the auricle depressed the pace- 
maker, decreased contraction amplitude and 
shortened refractory period. Contractility and 
refractory period changes were independent of 
rate change. In the atropinized auricle high 
concentrations shortened refractory period by 
direct muscle action. During the stage of 
shortened refractory period there was a criti- 
cal interval when a single extra shock might 
elicit multiple responses. In the turtle ven- 
tricle, which has no vagal endings, high con- 
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centrations shortened refractory period, de- 
creased conduction velocity and raised thresh- 
old for electrical stimulation. 


1. Cushny, A. R., Heart, 1909, vl, f. 

2. Cash, J. T., and Dunstan, W. R., Phil. Trans. 
Roy. Soc. London, 1898, v190, 239. 

3. Wedd, A. M., and Blair, H. A., Proc. Soc. 
Exp. Brot. AND Mep., 1945, v60, 64. 

4. Tenney, S. M., and Wedd, A. M., Circulation 
Research, in press. 

5. Wedd, A. M., Blair, H. A., and Dwyer, G. K., 
J. Pharm. Exp. Therap., 1941, v72, 394. 

6. Hermanns, L., Z. Biol., 1912, v58, 261. 


Received July 8, 1953. P.S:E.BeM., 1953, v84e 4 


Effects of N-Methylformamide and Related Compounds in 


Mouse Sarcoma 180.* 


(20590) 


Donatp A. CLARKE, FREDERICK S. PHILIPS, STEPHEN S. STERNBERG, RALPH K. 
BaRcLAy, AND C. CHESTER STOCK. 
(With the assistance of Virginia M. Bailey, Marie A. Dunn, and Annamarie Muller.) 


From the Division of Experimental Chemotherapy, Sloan-Kettering Institute for Cancer Research, 
New York City. 


Recently a series of formamides was evalu- 
ated as possible solvents for parentera! admin- 
istration of organic chemicals in the sarcoma 
180 screening program of this Institute(1). 
The compounds proved too toxic for this 
purpose. However, 2 of the agents, forma- 
mide and N-methylformamide (Fig. 1), were 
found to inhibit the growth of the assay tumor. 
A third, N,N-diethylformamide, had question- 
able inhibitory activity whereas other mem- 
bers of the series were without effect. The 
present report is a study of the inhibitory 
actions of the formamides in sarcoma 180 (S- 
180). Special emphasis is given to the N- 
methyl derivative since it appears to be the 
most effective of the series. The inhibitory 
action of urethane against S-180, which has 
been mentioned previously(1), is also re- 
viewed since the chemical configuration of 
this agent resembles that of the formamides 


* This study was supported in part by an insti- 
tutional grant from the American Cancer Society 
and in part by funds from the National Cancer 
Institute, U. S. Public Health Service. 


(Fig. 1) and since it has been found effective 
against a variety of experimental and clinical 
neoplasms(2-5). 

Tumor inhibition test. Female mice of the 
Swiss-Webster (CFW) strain weighing 18-22 
g were employed. Small, uniform cubes (ca 


FORMAMIDE 
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N-METHYLFORMAMIDE 


MW=59 


N, N-DIETHY LFORMAMIDE 


Mw=101 
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TABLE I. Inhibition of Growth of Mouse Sar- 
coma 180 by Formamides. Treatment initiated 24 
hours after implantation. 


Mean ,—Toxicity— 
diameter Avg wt 
of tumors, change, Mor- 
Compound mm + SD gt tality 
I. Observations at end 
of therapy 
N-Methylformamide* 3141.0 —4.5 1/30 
Controls 11.9+1.7 — .5 0/30 
Formamide* 6.4+1.6 —4.0 0/30 
Controls 11.79+1.2 —1.0 0/30 
Diethylformamide* 10.3415 + .5 0/30 
Controls W.241.3 + 6 0/30 
Urethanet 6.7 +11 —4.0 3/30 
Controls 11.4+1.5 — 5 0/30 
TI. Observations 1 wk 
after end of therapy 
N-Methylformamide 10.2+1.9  —2.0 9/30 
Controls 44+2.0 —5.5 7/30 
Formamide 11.3+1.0 —4.4 11/30 
Controls 13.8 +1.1 —5.5 6/30 
Diethylformamide 145+2.5 —4.0 2/30 
Controls 140+2.9 —3.5 3/30 
Urethane 10.6+1.8 —6.5 18/30 
Controls 15.34+2.0 —5.0 4/30 


* Given intraperitoneally, 
” 


500 mg/kg/day. 
t ; 1000 Heh ee 
} 

t 


Cumulative from day of implantation. 


2 x 2x 2 mm) of mouse S-180 were implanted 
by trocar subcutaneously in the right axillary 
region of recipient mice. Treatment was ini- 
tiated either 24 or 96 hours later. The agentst 
were dissolved in isotonic NaCl and admin- 
istered either by intraperitoneal injection or 
by oral intubation in the volume of 0.5 ml/ 
20 g mouse once daily on each of 7 successive 
days. Control animals were simultaneously 
injected with a similar volume of isotonic 
NaCl. One day after completion of therapy 
tumor diameters in two perpendicular axes 
were measured through the skin by means of 
vernier calipers; the averages of the two diam- 
eters were used to obtain the mean diameter 
of each experimental group. 

Results and discussion. Treatment initiated 
24 hours after implantation. Part I of Table I 
illustrates that significant inhibition of tumor 
growth was obtained by the end of therapy 
in those animals treated with approximately 
equimolar doses of N-methylformamide, for- 


+The authors are indebted to the Rohm and 
Haas Co., Philadelphia, for generous supplies of 
purified N-methylformamide. 
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mamide, and urethane. Since the weight of 
S-180 varies directly as the cube of its mean 
diameters(6), it was possible to calculate that 
the ratio of tumor mass in animals given N- 
methylformamide to that in controls was 1:57; 
in those given formamide and urethane the 
proportions were 1:6.1 and 1:4.9, respectively. 
On the other hand, the effect of N,N-diethyl- 
formamide was relatively negligible; the ratio 
of mass in treated and control tumors was 
1:1.3.. Moreover, N,N-diethylformamide 
failed to cause significant inhibition of S-180 
when given in the dose of 1120 mg/kg/day 
which is equimolar to the dose of formamide 
employed in Table I. It thus appears that 
the N-methyl group enhances the activity of 
the formamide moiety while other substitution 
suppresses inhibitory effects.+ 


The results in Table I also indicate that 
the inhibitory effects noted were not persistent. 
Part II of the table describes the status of 
tumors in the animals which survived for as 
long as one week after the end of therapy. 
By this time the treated tumors had resumed 
rapid growth and the inhibitions noted one 
week earlier were now less evident. A fur- 
ther analysis of the recovery of S-180 from 
inhibition by N-methylformamide will be pre- 
sented below. The fatalities, recorded in Part 
II, Table I, in groups treated with the 3 
active substances were presumably due to-in- 
toxication by the agents, for the majority of 
these deaths occurred during the week of 
treatment or within the first 48 hours there- 
after. Moreover, the size of tumors in these 
animals at time of death was significantly less 
than that found in untreated, tumor-bearing 
mice(6). On the other hand, in the control 
groups and in mice given N,N-diethylforma- 
mide, fatalities occurred in animals bearing 
tumors of a size usually associated with death 
due to intoxication by S-180(6). The dose 
of urethane employed was sufficiently depres- 
sant to mice to result in loss of righting re- 


{ Preliminary observations with more than 60 
different formamides have failed to uncover any 
which are inhibitory to S-180 other than formamide 
and its N-methyl derivative. Of particular interest 
has been the finding that acetamide, N,N-dimethyl- 
formamide, N-ethylformamide, and thioformamide 
were among the ineffective formamides. 
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TABLE II. N-Methylformamide Inhibition of 8-180 Growth in Mice. Intraperitoneal vs. oral 
routes. Treatment initiated 24 hours after implantation. 
-—— Intraperitoneal route——\ Oral soute——$=—= 
Mean diameter Mean diameter 
Dose, No. of mice of tumors, No. of mice of tumors, 
mg/kg/day surviving mm + SD surviving* mm + SD ' 
500 10/10 PROWEE .O 10/10 Pied) Gare 39) 
400 2 2.6.) <6 “wf 2.9+1.4 
300 2 Slee 12 de 41+ 1.4 
200 io Guba y) 9/10 6.1 +12 
100 y 8.3 + 1.7 8/10 81+ 1.4 
Controls 20/20 LO;87- 1.2 11/20 10°5 =: 1.2 
* Deaths were all accidental, incident to intubation. 
flexes and to cause complete immobilization out significant inhibition of S-180(7). The 


for several hours after each injection. It is 
likely that the high incidence of mortality 
among urethane-treated animals was, in part, 
attributable to central depression. On the 
other hand, no depressant actions were ob- 
served after administration of either forma- 
mide or its two derivatives. It will be noted 
in Table I that the active agents caused 
marked weight loss by the end of therapy. 
This debilitation cannot be considered the 
- sole cause of tumor inhibition for the growth 
of S-180 is only moderately affected in mice 
which have been even more severely debili- 
tated by dietary restriction. As an example, 
mice have been placed on a regimen of 0.5 g 
of diet$/individual/day with water ad lib at 
24 hours after tumor implantation. They 
lost an average of 6 g in body weight over a 
period of 8 days while their tumors grew to 
a mean diameter of 8.0 mm. Control mice 
receiving both food and water ad lib during 
this period gained an average of 0.5 g in body 
weight and the mean diameter of their tumors 
was 10.9 mm(6). Furthermore, numerous 
examples have recently been reported of com- 
pounds which cause marked weight loss with- 


TABLE III. N-Methylformamide Inhibition of 
S-180 Growth in Mice. Treatment initiated 96 
hours after implantation. 


Mean diam. of tumors 
(mm + SD) at 


No.of Start of dnd of 
Treatment mice therapy therapy 
N-Methylformamide* 15 OF: sie irl MR Gi a 


Controls 15 50+ .9 141+1.9 


* Intraperitoneal injections, 500 mg/kg daily for 
7 days. 


§ Purina Laboratory Chow. 


response of the growth of S-180 to varying 
doses of N-methyiformamide is shown in 
Table II. The table also indicates that the 
agent is equally effective whether given by 
intraperitoneal injection or by oral intubation. 


Treatment initiated 96 hours after implan- 
tation. As in the case of 24-hour implants, 
the growth of 96-hour tumors was inhibited 
by N-methylformamide (Table III). This 
finding is to be contrasted with the effects of 
other agents previously shown to be active 
against S-180. For example, 2,4,6-triethyl- 
enimino-s-triazine(8) and certain of the folic 
acid antagonists(9) produce marked inhibi- 
tion when therapy is initiated in mice with 
24-hour implants; however, these agents are 
relatively ineffective when therapy is delayed - 
until 96 hours. This difference between N- 
methylformamide and the last mentioned 
agents cannot be explained at present. It 
may, however, be related to changes in metab- 
olism of S-180 between 24 and 96 hours after 
implantation, for implants require at least 48 
to 72 hours before they become vascularized 
and attain maximal rates of growth(6). The 
transient nature of the inhibition caused by 
N-methylformamide has been noted above in 
the results shown in Table I. As in the 
previous experiment, the treated tumors of 
Table III resumed growth during the week 
following the end of therapy. In 3 other ex- 
periments mice with 96-hour implants were 
given a single injection of N-methylforma- 
mide which caused transient inhibition, as 
illustrated in Fig. 2, without inducing signi- 
ficant loss of body weight. 

Microscopic alterations in treated tumors. 
The microscopic effects of N-methyiforrna- 
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N-METHYLFORMAMIDE: EFFECT OF A SINGLE DOSE ON 
GROWTH OF S-180 


900 © CONTROL MICE 
~800 A TREATED MICE: AT ARROW 
E Ig/kg INJECTED 1.P. 
€ 
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ol 
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96 120 144 168 192 216 240 
HOURS: AFTER TUMOR IMPLANTATION 

FIG. 2. Effect of a single, large dose of N-methyl- 

formamide on growth of S-180. Curves are avg 

tumor volumes of 15 controls and 15 treated mice; 

volume of each tumor calculated from its mean 

diameter. 


mide were studied in tumors from mice given 
successive daily injections of 500 mg/kg/day 
(treatment initiated with 24-hour implants). 
Groups of 3 animals were sacrificed at 24-hour 
intervals from 1 to 8 days after initiation of 
therapy. Earliest evidence of microscopic al- 
teration was found in tumors removed at 3 
days; thereafter, cellular changes became pro- 
gressively more pronounced. Briefly, the 
aberrations included the presence of enlarged 
cells with swollen, frequently vacuolated cyto- 
plasm and with abnormal nuclei exhibiting 
either bizarre distributions of chromatin or 
pyknosis. Although such alterations repre- 
sent significant changes in tumor cells, their 
non-specific nature deserves emphasis, for 
similar disturbances have been found in S-180 
treated with certain other inhibitory agents 
(e.g., folic acid antagonists(10), 2,4,6-triethyl- 
enimino-s-triazine(11) and N,N’, N”-tri- 
ethylenephosphoramide(12)). 

Mode of action. Formamide and N-methyl- 
formamide, like amides in general, are rela- 
tively stable substances. Therefore the pos- 
sibility of direct chemical combinations with 
vital cellular constituents seems unlikely 
unless such reactions were to involve unknown 
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enzymatic processes. In regard to the latter 
it should be kept in mind that the products 
of the hydrolysis of the agents, namely, formic 
acid, ammonia, and methylamine, are biologi- 
cally active substances. It is also conceivable — 
that formamide and its N-methyl congener 
could act as metabolite antagonists for certain — 
simple substances which closely resemble the 
agents in molecular configuration. Specifically, 
it is tempting to propose an antagonism of 
single carbon units, for the role of one-carbon 
intermediates in vital biosynthetic mechan- 
isms is well-established(13-15). In a prelim- 
inary test of this hypothesis the administra- 
tion of formate, acetate, and glycine failed to 
block the inhibitory effects of the formamides 
in S-180 or to reduce their toxicity.!| Since 
antagonists of folic acid are known to inter- 
fere with incorporation of formate into poly- 
nucleotide adenine, guanine, and thymine(16, 
17) and since such antifolics are known to be 
potent inhibitors of S-180(9), attempts were 
made to prevent formamide inhibition with 
either folic acid or synthetic citrovorum fac- 
tor. These two metabolites also failed to 
block tumor inhibition or toxicity.|| 


Another possible mechanism was suggested 
by the observation of Skipper, eé al., that 
both urethane and formamide inhibit the 
growth of Escherichia coli. Inhibition of 
growth by either agent was prevented by the 
presence of small amounts of 2,6-diamino- 
purine (DAP) or of its riboside(18,19).. DAP 
was tested as a possible antagonist of the 
formamides in S-180 but in the manner em- 
ployed failed to influence the tumor inhibition 


|| All blocking experiments were started 24 hours 
after S-180 implantation. In separate experiments, 
formamide and N-methylformamide were injected 
in doses of 500 mg/kg/day for 7 consecutive days. 
The dose of the candidate blocking agent was 
injected just prior to the dose of the inhibitor. The 
following daily doses of these candidates were 
employed (mg/kg): sodium formate, 500; sodium 
acetate, 500; glycine, 500; folic acid, 25; synthetic 
citrovorum factor (leucovorin), 10; 2, 6-diamino- 
purine, 35. The authors are grateful to Dr. J. M. 
Ruegsegger of the Lederle Laboratories Division of 
American Cyanamid Co., Pearl River, N. Y., for 
supplies of leucovorin and to Dr. G. H. Hitchings, 
The Wellcome Research Laboratories, Tuckahoe, 
N. Y., for supplies of 2,6-diaminopurine. 
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or toxicity caused by the latter substances. 


- growth of mouse sarcoma 180. 


Finally another possible mode of action of 
the formamides is suggested by their hepato- 
toxicity, a property which will be the subject 
of a future publication. The toxic actions of 
both formamides in mice, rats, and dogs are 
referable to hepatic dysfunction and, follow- 
ing large doses, parenchymal necrosis. More- 
over, preliminary studies have revealed that 
mice, in which the growth of S-180 has been 
inhibited, also evidence a simultaneous hepatic 


: insufficiency. Whether or not tumor inhibi- 


tion in mice reflects indirectly a primary 
hepatic damage is at present under investiga- 
tion. It is of some interest to note that ure- 
thane itself has been found hepatotoxic(20, 


_ 21) although a possible relationship between 


this action and its capacity to affect experi- 
mental and clinical tumors has not previously 
been considered(2-5). 


Summary and conclusions. 1. Formamide 
and its more potent N-methyl! derivative have 
been described as transient inhibitors of the 
This effect 
is not a property of formamides in general 
since other compounds containing the forma- 
mide moiety have failed to affect the growth 
of the tumor. 2. N-methylformamide has 
been shown to exert its effects when therapy 
is started either 24 or 96 hours after implanta- 
tion of the tumor or when the agent is given 
in a single, large dose. Further, the compound 
has been found equally effective whether given 
by the oral or intraperitoneal route. 3. Histo- 
logic changes of a non-specific nature have 
been described in tumors from animals treated 
with N-methylformamide. 4. In view of the 
structural resemblance between formamide 
and urethane, the actions of both agents have 
been compared. Urethane, like formamide, 
inhibits the growth of S-180; however, treat- 
ment with the former substance causes toxic 
manifestations not encountered in mice given 
formamide. 5. Several conceivable mechan- 
isms have been proposed to account for the 
inhibitory effects of the formamides. Further 
studies of these suggested modes of action 
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may provide useful information concerning 
biochemical mechanisms involved in the 
growth of tumors. 6. In view of the hepato- 
toxicity of formamide and its. N-methyl de- 
rivative it is not expected that these agents 
will prove therapeutically useful. ce 
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nicotinamide in Urine of Human Subjects.* 


(20591) 


Harotp L. RosENTHAL, GRACE A. GOLDSMITH, AND HERBERT P. SaRETT.t 


From the Division of Nutrition, Departments of Medicine and Biochemistry, Tulane University 
School of Medicine, New Orleans. 


The major excretory metabolites of nico- 
tinamide in human subjects are N1-Methyl- 
nicotinamide (N!-Me) and the 6-pyridone 
of N?-Methylnicotinamide (pyridone) (1-4). 
After a test dose of nicotinamide, pyridone is 
excreted in larger quantity than N‘-Me and 
in persons receiving diets low in niacin and 
its precursors, pyridone excretion decreases 
more rapidly than N?-Me. Subjects with 
pellagra, experimentally induced by diets low 
in niacin and tryptophan, excrete no detectable 
pyridone or only a trace of this metabolite, 
but continue to excrete a small amount of 
N!-Me. Thus, pyridone appears to be the 
more important end product in nicotinamide 
metabolism(5). Holman and deLange(6) 
have studied the rate of N'-Me and pyridone 
excretion during 24 hours following the in- 
gestion of nicotinamide. The major increase 
in N?-Me excretion occurred within the first 
3-hour period and values fell to control levels 
after 9 hours. The rate of excretion of pyri- 
done, however, was maximum during the 
second 3-hour period and decreased slowly 
toward the control level during the remainder 
of the 24 hours. There is a paucity of infor- 
mation concerning the quantitative excretion 
of pyridone and N?-Me in subjects maintained 
on relatively constant diets of known composi- 
tion. It is the purpose of this report to pre- 
sent data on the urinary excretion of these 
metabolites by human subjects on such diets 
and following the ingestion of a test dose of 
nicotinamide. Diets A and B used in this 
study were designed to provide minimal 
amounts of nicotinic acid and tryptophan. 


* This work was supported by grants from Hoff- 
mann-La Roche, the Nutrition Foundation, the 
Williams-Waterman Fund of the Research Corpora- 
tion, and the Division of Research Grants and 
Fellowships of the National Institutes of Health, 
United States Public Health Service. 

+ Present address: The Mead Johnson Research 
Laboratories, Evansville, Ind. 


Addition of tryptophan to the diets has been 
shown to result in increased excretion of 
N?-Me(7-11) and of pyridone(5,12) in man. 
In the present experiments, dietary trypto- 
phan was maintained at a constant level, and 
the changes in the excretion of N'-Me and 
pyridone are associated with the administra- 
tion of nicotinamide. 

Methods and materials. Adult human sub- 
jects of both sexes between 25 and 57 years 
of age, who were found to be essentially free 
of organic disease, and 2 subjects with pellegra 
were used in the study. They were maintained 
in a metabolism ward on standardized diets 
high in either corn (Diet A) or wheat (Diet 
B) as previously described(5). Analysis of 
the diets showed a daily intake ranging from 
4.3 to 6.0 mg nicotinamide and 180 to 230 
mg of tryptophan. In one series of experi- 
ments, a standardized diet of better nutritional 
value (Diet C) was used which supplied ap- 
proximately 10 mg of nicotinamide and 1 g 
of tryptophan daily. Urine samples were col- 
lected in dark bottles containing 5 ml glacial 
acetic acid. A portion of each sample was 
neutralized (pH 6.9 + 0.1) and frozen until 
analyzed. Fluorometric methods for the de- 
termination of Nt-Me(13) and pyridone(14) 
were modified for use in this laboratory. 
Creatinine determinations using alkaline pic- 
rate reagent and total nitrogen by the macro 
Kjeldahl procedure were performed to check 
completeness of urine collections. When oral 
supplements of nicotinamide were adminis- 
tered, they were given with breakfast and 
subjects were permitted to eat at regular meal- 
times. 


Results. Six normal subjects were main- 
tained on Diet A and 3 normal subjects on 
Diet B for 2 to 4 days in order to obtain basal 
excretion values prior to supplementation. 
Following this, a 50 mg test dose of nicotin- 
amide was administered and urines were col- 
lected for 24 hours. In 4 of the subjects, the 
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TABLE I. Excretion of N'-Methylnicotinamide and 6-Pyridone of N*-Methylnicotinamide 


Following Ingestion of 50 mg N 


icotinamide by Human Subjects. 


: N+-Methylnicotinamide 6-Pyridone 
No. of (mg/day) (mg/day ) 
; deter- Nicotina- Nicotina- 
Subject minations Diet Control mide Control mide 
E. 1 Corn (Diet A) 3.7 10.5 4.9 35.5 
Ke 3 oa 2.9 8.0 7.6 25.7 
Tt ay iy 4.3 12.9 4.6 36.0 
0. al ¥ 2.2 6.6 3.3 23.4 
M. 3 % 3.1 7.3 10.0 22.7 
C. 3 A 1.6 5.9 2.4 27.1 
D. 2 Wheat (Diet B) 1.3 8.1 17 23.8 
eC: 1 a 2.4 6.8 5.0 32.1 
L. 1 * 4.2 9:2 3.2 25.2 
Avg + 8.H.* 2.9 + .36 8.4 + .73 47 =).9 ll 28.1 + 1.74 
=d? 
* S.E. (stand. error) = —, This formula refers to all such data in this report. 
N (N-1) 


TABLE II. Exeretion of N*-Methylnicotinamide and 6-Pyridone of N?-Methylnicotinamide 
During the First 4 Hours and Subsequent 20 Hours Following Ingestion of 50 mg Nicotinamide 
by Human Subjects. 


No. of 
deter- 
Subjects minations Diet 
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tests were carried out 2 or 3 times. The values 
obtained in these repeated tests agreed well 
and were averaged to obtain the values for 
the individual subjects (Table I). Average 
excretion on the basal diet was 2.9 mg of 
N?!-Me and 4.7 mg of pyridone per day. Fol- 
lowing administration of a 50 mg test dose of 
nicotinamide there was a 4 to 8 mg increase 
in the excretion of N'!-Me (average 5.5 mg) 
and a 13 to 31 mg increase in the excretion of 
pyridone (average 23.4 mg) above basal levels. 
When calculated on an equivalent basis, the 
average excretion of N1-Me represented 10%, 
and of pyridone, 39% of the nicotinamide test 
dose, during the 24-hour period. 

The rate of excretion of N1-Me and pyridone 


during the first 4 hours, and subsequent 20 
hours of the 24-hour period following a 50 
mg test dose of nicotinamide, was determined 
in 12 subjects maintained on Diets A and B 
(Table II). Data for 6 of these subjects were 
included in Table I. In some subjects more 
than one determination was carried out. The 
excretion of N!-Me averaged 4.1 mg during 
the first 4 hours and 3.6 mg during the suc- 
ceeding 20 hours; the excretion of pyridone 
was 9.3 mg during the first 4 hours and 16.4 
mg during the following 20 hours. These data 
indicate that the administration of nicotin- 
amide is followed by a rapid increase in the 
excretion of N!-Me during the first 4 hours 
after the test dose. Excretion of pyridone, 
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FIG. 1. Avg daily urinary excretion of N+-Methyl- 
nicotinamide and 6-pyridone of N*-Methylnicotin- 
amide in 3 normal subjects and 2 subjects with 
pellagra on Diet C and following the administra- 
tion of 10, 25 and 50 mg nicotinamide. 


on the other hand, increases more slowly and 
smaller amounts are excreted in the initial 
4 hours than in the subsequent 20 hours. The 
body stores of the subjects in the experiments 
appear to be lower than those previously found 
in 51 control subjects(15) who excreted 8.0 
mg of N!-Me in 4 hours following a 50 mg 
test dose of nicotinamide, as contrasted with 
4.1 mg found in the present study. However, 
the excretion is similar to that found in 14 
miscellaneous hospital patients who excreted 
5.1 mg in 4 hours. 

’ The excretion of N!-Me and pyridone fol- 
lowing graded doses of 10, 25 and 50 mg of 
nicotinamide was studied in 3 control female 
Subjects and 2 female subjects with pellagra. 
The subjects were maintained on the basal diet 
(Diet C) throughout the test, allowing 3-day 
periods between successive test doses. This 
diet contained about twice as much nicotina- 
mide and 5 times as much tryptophan as did 
Diets A or B. After each test dose, the 24- 
hour urine sample was collected and analyzed. 
The daily basal excretion of the control sub- 
jects on Diet C averaged 4.2 mg N'-Me and 
5.9 mg pyridone (Fig. 1). These basal values 
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are significantly greater than those found for — 
nine subjects on Diets A or B, who excreted 
2.9 mg of N'-Me and 4.7 mg of pyridone, 
daily (Table I). The subjects with pellagra, 


although maintained on Diet C, excreted only — | 


1.3 mg of N'-Me and 0.9 mg of pyridone. 
This excretion is much less than that, of con- 
trol subjects on any of the basal diets which 
were very low in nicotinamide and tryptophan. 

The average excretion of Nt-Me by the 
control subjects following a 10 mg test dose 
of nicotinamide increased only slightly above 
the basal level, but that of pyridone increased 
by almost 5 mg (Fig. 1). Following doses of 
25 and 50 mg, the excretion of both meta- 
bolites increased significantly above basal 
levels. The pyridone excretion, however, in- 
creased more than did N1-Me. Subjects with 
pellagra excreted considerably less N1-Me and 
pyridone following a 10 or 25 mg dose of 
nicotinamide than did control subjects. Fol- 
lowing a 50 mg dose, excretion of N'-Me was 
similar in the 2 groups while excretion of pyri- 
done was lower in one pellagrin, and essentially 
the same as the control subjects in the other. 
In the latter subject, pellagra was relatively 
mild. These findings suggest that the 50 mg 
dose of nicotinamide may be too large to be 
useful in detecting borderline cases of niacin 
deficiency. Determinations of N'-Me and 
pyridone excretion on standard diets'and fol- 
lowing a 10 or 25 mg dose of nicotinamide, 
however, appear to be valuable procedures in 
evaluating niacin nutrition. 

It may be noted that following administra- 
tion of graded doses of nicotinamide, the basal 


‘excretion of pyridone increased slightly while 


that of N'-Me tended. to remain constant. 
With large doses of nicotinamide, there is 
probably an increase in pyridone excretion 
beyond the first 24-hour period, which is re- 
flected in the values given for the 3-day basal 
periods. 


Summary. Essentially normal subjects 
maintained for short periods on diets low in 
nicotinamide and tryptophan excrete approxi- 
mately 3 mg of N'-Me and 5 mg of pyridone 
per day. Following an oral 50 mg test dose 
of nicotinamide, the average increase in ex- 
cretion of N!-Me is 5.5 mg and that’ of pyri- 
done, 23.4 mg. The excretion of N!-Me fol- 
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lowing the test dose rises rapidly during the 
first 4 hours and decreases to basal levels with- 
in 24 hours; pyridone is excreted more slowly 
the first few hours but appears in large 
amounts later in the day. After graded doses 
of nicotinamide, the excretion of pyridone in- 
creases more rapidly than does that of N?-Me. 
In subjects with pellagra, the excretion of 
these metabolites is lower both on standard 
diets and following administration of small 
doses of nicotinamide. These data suggest 
procedures that may be of use in evaluating 
niacin nutrition. 
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Numerous reports on the action of cortisone 
in promoting progression of various types of 
infection in man and in experimental animals 
have appeared in recent years, and in addi- 
tion, observations on alteration of cellular re- 
sponse to various inflammatory stimuli have 
been described(1). In previous studies(2) 
in which Mycobacterium tuberculosis infec- 
tion was induced in mice by the intraperi- 
toneal route, it was observed that mice treated 
with large doses of isoniazid and cortisone 
showed much better therapeutic response than 
did mice treated with isoniazid alone Mice 
treated with large doses of cortisone and strep- 
tomycin did not give such a good response. 
The work was extended to gain further infor- 
mation on the relationship between invading 


bacteria and the defense mechanisms of the 
host; studies have been made in which experi- 
mental infections induced in mice by. other 
bacteria were treated with appropriate. anti- 
biotics and with or without cortisone. 
Methods. CF, male mice (18-22 g) were 
used in all experiments. Mice were infected by 
the intraperitoneal injection of cultures which 
had been incubated at 37°C for 24 hours. 
The strain of streptococcus used in most. ex- 
periments (S. zooepidemicus—Group C) was 
originally isolated from a casaeus lymphnede 
of a guinea pig and was maintained on blood 
agar slants. The culture of Streptococcus 
haemolyticus (Group A) used was obtained 
through the courtesy of Dr. Fred B. Traub. 
Cultures for infecting mice were prepared in 
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TABLE I. Effect of Cortisone on Antibiotic Treatment of Mice Infected with Group C Streptococcus. 
See 


-——Antibiotic + cortisone*——\ 


Antibiotic only* 


Dose of Sur- Sur- 
cortisone, Mortalityt vival, Mortalityt yival, 
Antibiotic Dosage and administration mg/day Dead Total %t Dead Total %t 
Penicillin 0.1 mg/ml drinking watert{ 2.5$ 5 38 87. 32 38 15.7 
(procaine) 1 22 oa ie 8 0 8 100. 0 8 100. 
0.25 mg/aqueous subcut. 4 daily ils 10 10 0 10 10 0 
it fs te ona G ally, de 10 10 0 10 10 0 
2 4 ce a a il 10 10 0 10 10 0 
1 mg/oil 2 ly: 0 10 100. 0 10 100. 
ples eras a #5 2 0 10 100. 0 10 100. 
Aureomyein 1 mg/aqueous is < 2.5§ 14 18 12. 0 18 100. 
2 id 3 “2 8 10 10 0 0 LOR L002 
2 % ie ¥ ee 0 10 100. 0 10 100. 
Streptomycin 1 Z 3 < 2.5$ 25 28 10.7 8 28 71.4 
2 2" 3 + 8 32 AQ) 20; 5 40 87.5 
2 ES ‘x 2 6 5 10 50. de 10 90. 
2 ie 2 4 4 10 60. 2 10 - 80. 
2 tl Y e 2 2 20 90. 4 20 80. 
Terramycin 1 = i eo 2.59 10 10 0 3 10 70. 
2 a és #3 8 10 10 0 £ 10 90. 
2 Hg a e 2 0 10 100. 0 10 100. 


* Mice treated on day 1, 2, and 3. 


+ On the 5th day after infection. 


_$Taken ad lib. 


§ Cortisone inj. 2.5 mg/kg on day 1, 1 mg/kg on day 2 and 3. 


tryptose phosphate broth (Difco) containing 
10% human serum. Laboratory stock cul- 
tures of K. pneumoniae, P. multicida, and 
S. pullorum were grown in tryptose phosphate 
broth. Br. abortus was grown on trypticase 
soy agar. Cortisone as the acetate was used 
in all experiments. It was injected subcutan- 
eously as an aqueous suspension and dosage 
was given once a day beginning on the day of 
infection, and for the next two days, except 
in experiments with Br. abortus in which the 
mice were treated with cortisone for 5 days. 
The doses used in experiments, other than 
those with Br. abortus, was such that 80% to 
100% of untreated mice died within 5 days of 
the time of infection. All of 292 infected, 
untreated mice, and 292 infected mice treated 
with cortisone only, used in experiments shown 
in Table I and II, died within the 5 day 
period of observation. Other details are 
described in connection with the various ex- 
periments. 

Experimental. Mice infected with Group 
C streptococcus were treated with oral or 
subcutaneous penicillin with or without injec- 
tions of cortisone. Procaine penicillin (1000 
units/mg) was given in drinking water, by 
subcutaneous injection as aqueous solution 
twice, or 4 times a.day in divided doses be- 
tween 9 a.m. and 5 p.m., or by subcutaneous 


injection of a suspension in oil with aluminum 
mono-stearate further diluted in sesame oil to 
give the desired dose in 0.1 ml. Mice were 
infected between 9 and 10 a.m. by the intra- 
peritoneal injection of 0.1 ml of serum broth 
culture. Ad libitum or subcutaneous dosage 
with penicillin was begun 2-3 hours after 
infection, and cortisone was injected within 
1 hour of the time of infection. Treatment 
was given for 3 days, and survivors were 
totaled after 5 days. Groups of mice which 
received no treatment and groups treated with 
cortisone alone were included in each experi- 
ment. 

It is seen in Table I that mice infected by 
intraperitoneal injection of Group C strepto- 
cocci survive when treated with penicillin or 
penicillin and cortisone, provided the dosage 
of antibiotic is adequate. Thus, the infected 
mice which drank daily 1000 to 10000 units 
of penicillin in water or which received 1000 
units in oil each day for the 3 day treatment 
period, usually survived, but when aqueous 
penicillin was injected subcutaneously 2 or 4 
times during the day, but not during the night, 
there were no survivors. It is of interest 
that a greater number of mice survived among 
those which were given drinking water con- 
taining 100 units of penicillin per ml, and 
which were injected with large doses of corti- 
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TABLE Il. Effect of Cortisone on Antibiotic Treatment of Mice Infected with Various Bacteria. 

Antibiotic only 

a Antibiotic treatment* Cortisone,t Mortalityt Survival, Mortality{ Survival, 

Infection and dosage mg/day Dead Total % Dead Total % 

Streptococcus Penicillin 0.1 mg/ml il 6 10 40. 7 10 30. 
(Group A) drinking water 
mg subeut. 
2X daily 

Neomycin 5 ile 10 10 0 10 60. 
P. nulticida Terramycin 1 2.5§ 10 10 0 2 10 80. 
S. pullorum Streptomycin 1 2.5§ 20 20 0 14 20 30. 
Brucella abortus Streptomycin 25 8 18 20 10. 12 20 40. 
Aureonycin a 8 20 20 0 5 20 75. 
Terramycin ie 8 15 20 25. 8 20 60. 
Klebsiella Streptomycin 1 2.5§ 16 20 20. 0 20 100. 
preumoniae 2 1 8 15 20 25. 0 20 100. 
ng 2 8 0 20 100. 0 20 100. 
Aureomycin 2 8 1G 20 15. 0 20 100. 
Polymyxin B 2 ile 8 1 20. 0 10 100. 
Neomycin 1 ils 5 10 50. 0 10 100. 
Chloramphenicol 1 2.59 9 10 10. 0 10 100. 
Terramycin it 8 2) 10 10. 0 10 100. 
5 - 6 8 10 20. 0 10 100. 
a ee 4 6 10 40. 0 10 100. 
id * 2 2 10 80. 0 10 100. 


* Mice treated on day 1, 2, and 3. 


+ Aqueous suspension of cortisone acetate inj. subcut. once a day, day 1, 2, and 3. 
{ After 5 days with the exception of those infected with Brucella abortus which were tabulated after 


14 days. 


§ Cortisone inj. subcut. 2.5 mg on day 1, 1 mg on day 2 and 3. 


sone (2.5, 1, 1 mg per mouse on 3 successive 
days) than among those given the same 
amount of antibiotic but no cortisone. 

Mice infected with Group C streptococcus 
were treated with aureomycin, streptomycin 
or terramycin alone and with cortisone ace- 
tate. These antibiotics were given subcutan- 
eously twice a day, the first injection being 
2-3 hours after infection. Cortisone was in- 
jected 1 hour after infection, as in the experi- 
ments with penicillin. Results of these ex- 
periments are also shown in Table I. It is 
seen that, in contrast to the results with peni- 
cillin, the great majority of streptococcus- 
infected mice injected with large doses of 
cortisone and adequate doses of aureomycin, 
streptomycin or terramycin failed to survive. 

Similar experiments were made in which 
mice infected by i.p. injection of other bac- 
teria were treated with antibiotics known to 
be effective against them. Dosages of cul- 
tures used to infect mice were: S. pullorum 
1.0 ml, streptococcus (Group A) 0.1 ml; K. 
pneumoniae 0.1 ml of culture diluted 1:30; P. 
multicida 0.1 ml of culture diluted 1:50. Cor- 
tisone was first injected 1 hour, and the 


antibiotics 2-3 hours after infection and treat- 
ment was continued for 3 days. In the experi- 
ments with Br. abortus mice were infected 
with 0.1 ml of a suspension obtained by wash- 
ing the growth from a 24 hour culture with 
3 ml of saline. The mice in the various groups 
were treated with cortisone for 5 days and 
with antibiotics for 7 days starting 24 hours 
after infection. Survivors were totaled after 
2 weeks. None of the untreated controls, or 
those treated with cortisone, survived this 
period of observation. Results of treatment 
of mice infected with the various bacteria and 
treated with appropriate antibiotics are shown 
in Table II. 

Penicillin given in drinking water protected 
the majority of mice infected with the Group 
A streptococcus regardless of whether they 
received cortisone. However, the therapeutic 
effect of polymyxin B, streptomycin, neomy- 
cin, chloramphenicol or terramycin obtained 
in mice infected with K. pneumoniae was re- 
versed by concomitant treatment with corti- 
sone and P. multicida, S. pullorum and Br. 
abortus infections were not controlled when 
cortisone was given together with the doses of 
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aureomycin, streptomycin, or terramycin 
which when used alone insured survival of 
mice. 

Impairment of the effect of antibiotics ap- 
pears to depend upon the administration of 
massive doses of cortisone. This is shown by 
results of treatment of streptococcus infected 
mice treated with streptomycin, terramycin, 
and aureomycin (Table I) and by K. pneu- 
moniae infected mice treated with terramycin 
(Table II). If the amount of cortisone given 
during the 3 day treatment period is decreased 
below a critical level, reversal of successful 
treatment by these antibiotics failed to occur. 

Discussion. Under the conditions of these 
experiments, penicillin protects infected mice 
tredted with large doses of cortisone as well 
as those treated with penicillin alone, and 
when mice ‘were treated by giving 100 units 
per. vl of ‘drinking water, those which re- 
ceived large; doses of cortisone in addition 
were better protected than those which re- 
ceived no cortisone. . Experiments by Mogab- 
gab:.and: Thomas(3) have shown that penicil- 
lin in large doses was effective in the treat- 
ment of cortisone induced streptococcus 
infection in ,rabbits;. and Kaplan et al.(4) 
haye.shown , that penicillin prevents deaths due 
to experimental streptococcal infection in mice 
exhibiting profound leukopenia as a result of 
irradiation. , The latter authors considered 
that, penicillin, because of its bactericidal ac- 
tion, was. effective in the absence of the host’s 
defense mechanisms, and that the lesser ef- 
fectiveness of aureomycin under these condi- 
tions .was, probably a function of the low 
dosages employed. In the present experiments, 
dosages of aureomycin, terramycin, and strep- 
tomycin greatly in excess of the amount 
needed to proteet, streptococcus-infected mice 
which received no cortisone failed to protect 
mice injected. with large doses of cortisone. 
Similarly, these antibiotics and neomycin, 
polymyxin B and .chloramphenicol. when 
given in doses which protected non-cortisone 
treated controls failed to protect mice treated 
with large doses of cortisone against infec- 
tions caused by various gram negative bacte- 
ria... One exception was noted, however, in an 
experiment in. which mice, infected with K. 
pneumoniae, were protected by being treated 
with 2 mg of streptomycin twice a day al- 
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though they received cortisone. Most of the 
cortisone-treated mice which received 1 mg of 
streptomycin twice a day died, although this 
amount of streptomycin protected controls. K. 
pneumoniae is notably susceptible to strepto- 
mycin and it is probable that at the 2 mg 2x 
day level, the infecting organisms are quickly 
destroyed. In this connection, it should be 
noted that Miller e¢ al.(5) found streptomycin 
to be the most effective of a number of anti- 
biotics studied in controlling post-irradiation 
infection. 

On the basis of the present experiments, it 
appears that with the exception of penicillin, 
the antibiotics studied are unable to complete 
their chemotherapeutic effect in mice in which 
normal defense mechanisms have been im- 
paired by large doses of cortisone. 
has briefly described experiments in mice of 
similar importance in which cortisone inter- 
fered more with the protective effect of aureo- 
mycin than with that of penicillin: 


Summary. The influence of,;cortisone on 
the chemotherapeutic effect of antibiotics in 
experimental bacterial infections in mice has 
been studied. Cortisone has little or no ef- 
fect on the protective action of penicillin 
against streptococcus infections in mice. When 
administered in doses which regularly protect 
non-cortisone treated mice, streptomycin, 
aureomycin, terramycin, chloramphenicol, ne- 
omycin and polymyxin B, failed to protect 
mice treated with cortisone. This reversal of 
successful antibiotic treatment occurred in 
mice treated with large doses (0.8 mg) but 
did not occur in mice treated with small doses 
(0.2 mg) of cortisone. 
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Glycerine as a Stabilizer of Some Complement-Fixing Antigens of 


Viral and Rickettsial nea 


ALEXANDER L. TERZIN. 


(20593) 


iiiedieed by Herald R. Cox.) 


From the Yugoslav Regional Center for Influenza, Institute of Hyg giene, Belgrade. 


In the course of our work we were faced 
with the problem of preserving the stability of 
complement-fixing antigens during shipping or 
long-term storage without refrigeration under 
unfavorable summer temperatures. Besides, 
the tendency of the soluble antigens to floc- 
culate after storage in the frozen state and to 
deteriorate fairly rapidly at plus 4°C pre- 
sented a serious difficulty. In their paper on 
the stabilizing action of glycerine on the 
hemagglutinating capacity of different viruses, 
Cabasso, Markham, and Cox(1), gave several 
references on the use of glycerine for the 
preservation of different biological materials. 
Hoyle and Fairbrother(2), Enders and co- 
workers(3), Shepard(4), and other authors 
have reported on the flocculation of influenza, 
mumps, and typhus antigens of the soluble 
types at different temperatures, and have 
discussed the influence of pH, agitation, dilu- 
tion and other factors both on the formation 
of turbidity and on the serologic activity of 
the antigens. 


We tested the stabilizing action of glycerine 
on the complement-fixing capacity of the fol- 
lowing antigens: Q Fever (Henzerling), Q 
Fever (Nine Mile), Typhus Fever, epidemic 
(soluble type), Typhus Fever, murine (solu- 
ble type), all 4 made by Lederle Laboratories, 
U.S.A.; influenza A-prime (soluble type), 
Influenza A (soluble type), Influenza B 
(soluble type) antigens, all made from chorio- 
allantoic membranes in our laboratory; and 
Mumps and LCM antigens. The influence 
of glycerine in preventing the visible floccula- 
tion of heated antigens was also investigated. 


Materials and methods. Glwvcerine and 
saline antigens. The glycerine solutions were 
made up volumetrically, usually in 2-ml 
amounts as follows: to one ml of the antigen, 
either undiluted glycerine or a 40% glycerine 
solution in saline (Glycerin, Konc., rein D 1, 


* The technical assistance of Mrs. Marthe Milivo- 
jevich is gratefully acknowledged. 


25-26 (Bayer)) was added up to the 2-ml 
mark of calibrated narrow test tubes. In that 
way 1:2 dilutions of the antigens were ob- 
tained which contained 50 or 20% glycerine. 
The control antigens were made in a similar 
fashion, substituting saline for glycerine. 
Titration method. Jf not stated otherwise, 
the antigens were titrated in serial 2-fold. 
dilutions against about 8 units of the homo- 
logous human convalescent serum. The’ com- 
plement-fixation technic followed that used 
at the Virus Reference Laboratory, Colindale 
(Director, Dr. F. O. MacCallum) (5). The 
volume unit was 0.1 ml. The complement 
is titrated for each lot of sensitized cells (2% 
cells with 2 units of hemolysin) and the 2 
units of complement to be used in the ‘test 
are strictly controled (control-tubes are set 
up to contain 2, 1, %, and %4 units of ¢om- 
plement, respectively). All antigens (except 
LCM) were tested by 90-minutes fixation. at 
37°C, addition of sensitized redi cells and a 
second incubation of 30: minutesy with one 
shaking after the first 5 minutes. For: the 
LCM antigen, overnight fixation at 4°C:was 
used before the addition of the sensitized: cells. 
Controls of serum, antigen, sensitized) cells 
and the exact amount of complement: used 
in the test were included in each experiment. 
Dilutions of serum samples used'in compara- 
tive studies were made in large quantities 
after the usual inactivation for 30 minutes 
at 56°C, and before distribution in the re- 
spective sets of test tubes. Heating of anti- 
gens. The antigen solutions were: heated in 
sealed ampoules of thin, neutral glass, con- 
taining usually one-ml amounts. During heat- 
ing, the ampoules were held under water level 
in either a water-bath with well controlled . 
temperature, in boiling distilled water or in 
the autoclave. ‘The heated ampoules were 
shaken thoroughly before opening. Recording 
of results. Results of the complement-fixation 
tests were recorded as 3, 2, 1, -huor, negative. 
These were used to designate absence of 
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TABLE I. Heat Resistance of Typhus Antigens 
(Epidemic, Soluble Type). 


Reciprocals of the titers 


of 
Saline- Glycerine- 
Antigens Min. antigens antigens 
Unheated Be 32 
Heated at 56°C 30 16 32 
120 8 (16++) 32 
* 100°C =:10 4 8 
30 ae 8 
80 1- 8 
120 1- 4 


hemolysis, or 25, 50, 75, and 100% hemolysis, 
respectively. End points of titrations are ex- 
pressed by the reciprocal of the highest anti- 
gen-dilution showing 3 or 2+ fixation (25% 
hemolysis or less). Results recorded as 16, 
16++, 16+, 16+, or 16— are to be respec- 
tively interpreted as 3, 2, or 1+, + or nega- 
tive at a 1:16 antigen dilution. In some in- 
stances, the formation of turbidity and the 
degree of flocculation of both heated saline 
and glycerine preparations were recorded. 


O Fever antigen (Henzerling). Upon test- 
ing the heat resistance of both the saline and 
glycerine preparations at different tempera- 
tures, surprising stability of Q Fever antigen 
was observed. After heating at 56°C for 270 
minutes, at 100°C for 160 minutes, or even 
after autoclaving at 110°C for 30 minutes, no 
change in titers of the heated antigens could 
be detected when compared with unheated 
preparations. The only difference was that 
after heating both antigens at 120°C for 30 
minutes, a flocculation developed in the saline 
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antigen while the glycerine antigen remained 
unchanged. 


Typhus fever antigen (epidemic, soluble 
type). Table I illustrates the sensitivity of 
the saline antigen which was rapidly lost dur- 
ing heating in boiling water: an 8-fold drop 
in the complement-fixing titer took place in 
10 minutes at 100°C, whereas boiling for 80 
minutes completely destroyed its complement- 
fixing ability. In contrast, glycerinated anti- 
gen maintained a fair titer after being exposed 
to the same temperature for the same length: 
of time. Table II illustrates the results of 4 
checkerboard titrations of both the saline and 
glycerine antigens before and after heating for 
30 minutes at 100°C. Both preparations were 
titrated against the different dilutions of the 
same serum. Following exposure to 120°C 
for 30 minutes, the saline antigen showed a 
marked flocculation, whereas the glycerine 
antigen remained quite clear. 


Influenza A-prime (strain FM 1 antigen). 
Table III illustrates well the stability of in- 
fluenza antigen after exposure to 56°C for 
different lengths of time. Complete destruc- 
tion of activity of the saline antigen was 
observed after 30 minutes, whereas the glyc- 
erine antigen remained unchanged even after 
2 hours of heating. In addition, Influenza 
A-prime antigens containing 0, 20, and 50% 
glycerine, respectively, were prepared in 4-ml 
amounts. Each of the 3 antigens was divided 
into 2 equal portions. The first was kept in 
well-stoppered tubes in the incubator at 37°C, 
and the second was stored in icebox at +4°C. 
After different time intervals aliquots from 


TABLE II. Checkerboard-Titrations of Typhus Antigens. 


Dilutions of unheated antigens 


Dilutions ———Saline-antigen. : Glycerine-antigen——__—_ 
of serum 1/2 1/4 1/8 ALG mel 32 1/2 1/4 1/8 T/16 1/32 
1/100 3 3 3 3 1 3 3 3 3 2 
1/200 1 3 3 3 + 2 3 3 3 + 
1/400 — — 1 2 + — — 2 2 + 
1/800 - = 

Dilutions of antigens heated for 30 min. at 100°C 
——Saline-antigen: -——_—-Glycerine-antigen——-_—__—_. 
1/2 1/4 1/8 1/16 > *4/32 1/2 1/4 1/8 T/16 1/32 
1/25 1 ete 3 3 3 1 — 
1/50 Ste — 3 3 3 — 
1/100 — — — — — 2 a — = mee 
1/200 = = = — — = —- — — — 
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TABLE III. Heat Resistance of Influenza A-prime 


Antigens. 

Reciprocals of the titers 
of ; 

Saline- Glycerine- 

Antigens Min. antigens antigens 
Untreated 32 (64+) 64 
Heated at 56°C 10 16 (32+) 64 
30 2- 64 
60 2- 64 

120 J— 64-4 + 


the 6 samples of antigen were titrated against 
portions of the same serum, which was stored 
in the frozen state in small amounts at all 
times. The serum was always inactivated 
just before use. 

Table IV shows the results obtained during 
a 115-day observation period. All 3 samples 
of antigens show very similar behavior when 
kept at +4°C, with a slightly slower rate of 
deterioration of the glycerine preparation 
when compared with the saline antigen. The 
saline antigen, when kept at 37°C for periods 
longer than one month, completely loses its 
activity, whereas with 50% glycerine it re- 
tains its titer fairly well under the same con- 
ditions. A greater rate of deterioration took 
place in the sample containing 20% glycerine, 
which was somewhat more stable, however, 
than the saline control. 

Table V presents the data on the floccula- 
tion observed in both saline and _ glycerine 
antigens after exposure to different tempera- 
tures for different time intervals. The activity 
of the saline antigen exposed to a temperature 
of 80°C for one minute was completely de- 
stroyed, while the glycerine antigen showed 
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keeping quality of the following antigens was 
observed: Typhus-fever antigen (murine, sol- 
uble type), made by Lederle Labs., U.S.A.; 
influenza A antigen (strain PR8, soluble 
type), influenza B antigen (strain Yugoslavia 
B 1, soluble type), and LCM antigen (soluble 
type, prepared from infected guinea pig 
spleens), all 3 prepared in our laboratory. 
A very marked effect of glycerine in prevent- 
ing flocculation after exposure to raised tem- 
peratures was also observed with these 4 an- 
tigens. The commercial Q Fever antigen 
(Nine Mile strain, made by Lederle Labs.) 
was tested in the same way as the Henzerling 
antigen, and was found to possess the same’ 
remarkable heat stability. However, glycerine 
was of value in preventing flocculation of the 
Nine Mile Q Fever antigen after autoclaving 
for 30 minutes at 110°C or 120°C. The 
stability of mumps antigen of the viral type 
was also investigated, using either a commer- 
cially available antigen (Lederle Labs.) or 
crude virus infected allantoic fluid prepared 
in our laboratory. No reproducible results 
were obtained in a few experiments with either 
of the 2 mumps antigens tested. 

It might be of interest to report that 50% 
glycerine was also found capable of preventing 
both flocculation and deterioration in the 
tested samples of soluble antigens (e.g., 
LCM), which tended to flocculate after having 
been stored at temperatures of about —30°C. 

Discussion. In the experiments described 
above, no pH determinations were made on 


TABLE V. Appearance of Influenza A-prime 
Antigens after Heating. 


just about a 2-fold decrease in titer following asta Tes 
the same treatment. min. 6, Saline-antigen Glycerine-antigen 
Other antigens. Experiments similar to 20 56 turbidity unchanged 
those described above were also performed 120 56 flocculation pani ne 
with other antigens. A pronounced protective : a coagulation Se 
effect of glycerine on the heat stability and ress 
TABLE IV. Resistance of Influenza A-prime Antigens. 
% of glycerine Kept at -Time in days- 
eae angers hee 0 1 3 Cmea ot 10m Sat BCom eG 
0 d Byd AKG) 16++ 8 8 8 8 8 8 
0 37 32 8 8 8 4 4 2++ 0 0 
20 37 32) 163- 16++ 8 8 8 8+-+ 8 4 
50 37 32 16+-+ 16 16++ 16 16+ 16+-+4 16+ 8 


218 


the antigens prior to heating. The amount 
and dilution of the antigens exposed to heat- 
ing, as well as titer and protein content of the 
different samples of the same antigen, were 
not kept strictly constant when repeating the 
same experiments. 

' The results reported refer to single experi- 
ments, but very similar, if not identical, results 
were obtained repeatedly with the same kinds 
of antigen, under the same conditions. The 
only exception was experienced when testing 
mumps antigens, with which no reproducible 
results were obtained under the conditions 
used. 

Although glycerine was found to have a 
protective effect against flocculation of Q 
Fever antigen at higher temperatures, glyc- 
erinated preparations do not seem to present 
any advantage because of the remarkable heat 
stability of this antigen even in the absence of 

_ glycerine. 

Glycerine alone or in combination with any 
of the antigens tested, as well as glycerine 
mixed with positive or negative sera, con- 
sistently failed te give either pro- or anti- 
complementary effects. 

After autoclaving for 30 minutes at 110°C 
or 120°C, both saline and glycerinated prep- 
arations of some antigens’ (e.g., Nine Mile 
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BINDING OF HISTAMINE BY ANIMAL PROTEINS 


Q Fever antigen) became somewhat anti- 
complementary. However, the anti-comple- 
mentary level never reached that of the spe- 
cific antigen titer and since it appeared only 


> aeglamcltie 


after exposure to temperatures higher than — 


100°C, it seems evident that it does not add 
to the problem at hand. 
The results obtained seem to justify there- 


fore the addition of 50% glycerine as pre- 


servative to the complement-fixing antigens 
tested so far in our laboratory. 

Summary. The stabilizing action of glyc- 
erine on some complement-fixing antigens of 
viral and rickettsial origin was investigated. 
Its ability to prevent rapid deterioration of 
antigen-titers and visible flocculation follow- 
ing long storage or exposure to unduly high 
temperatures has been reported. 
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KE. H. KApLan AND JANE Davis. (Introduced by R. W. Schayer.) 
From the Rheumatic Fever Research Institute, Northwestern University Medical School, Chicago, Ill. 


Recent reports(1,2) have given evidence for 
binding of histamine by components of normal 
human blood serum, especially y-globulin. 
The availability of C1*-histamine* made it 
possible to check these results by the dialysis- 
equilibrium technic(3). 

Guinea pig lung has been reported(4) to 
contain relatively high concentrations of his- 
tamine. However, it was demonstrated(5) in 
experiments with isotopically labeled hista- 
mine and L-histidine that injected histamine 


*We are grateful to Dr. R. W. Schayer of this 
Institute for supplying the labeled histamine. 


is rapidly metabolized and excreted in the 
urine by guinea pigs and does not appear to 
any appreciable extent in the internal organs, 
whereas injected L-histidine is converted to 
histamine which is present in the organs for 
long periods. It was therefore of interest to 
determine whether added C1+-histamine would 
be bound by guinea pig lung homogenates or 
equilibrate with histamine already present. 
Experimental. Human plasma _proteinst 


+ These human plasma fractions were generously 
furnished by Dr. E. J. Cohn of Harvard University 
Medical School. 


BINDING oF HISTAMINE BY ANIMAL PROTEINS 


were dissolved in Tyrode solution, dialyzed 
against Tyrode overnight in a cold room, and 
finally diluted to a concentration of 0.5% of 
the protein as weighed. Normal human blood 
serum was dialyzed against Tyrode solution 
and diluted with Tyrode to 3.3 times the 
original volume of serum. Guinea pig lung 
was homogenized with Tyrode solution in a 
Potter-Elvehjem homogenizer, dialyzed, and 
diluted to 1% by weight of wet tissue. Ali- 
quots (10 ml) of each solution or suspension 
were placed in cellulose bags in test tubes 
containing solutions of 1 mg, 10.4 y, and 
0.4 y of C'*-histamine in 11 ml of Tyrode 
solution, each having the same total radio- 
activity. Identical tubes were set up simul- 
taneously containing only Tyrode solution 
inside the cellulose bags. Each protein solu- 
tion or suspension was equilibrated against 
each concentration of histamine by shaking 
the stoppered tubes for 18-20 hours in a cold 
room (2-5°C), all experiments being run in 
duplicate. Portions (10 ml) of the solutions 
_ outside the bags were then added to 66.4 mg 
of histamine dihydrochloride carrier, acidified 
with HCl, evaporated to dryness, and con- 
verted to picrates. The picrates were dis- 
solved in aqueous alcohol, treated with norit, 
recrystallized, plated in stainless steel cups, 
and counted to 5% accuracy at infinite thick- 
ness in a flow counter. Under these condi- 
tions the C14-histamine in each tube had a 
total activity of 200 c.p.m. above background. 
If the histamine became distributed uni- 
formly, each 10 ml portion of solution should 
have had an activity of 95 c.p.m. above back- 
ground under the conditions used. Within 
experimental error this was the radioactivity 
found not only in the tubes containing only 
Tyrode solution inside the bags, but also in 
the tubes containing 0.5% solutions of human 
y-globulin, 8;-globulin, and plasma albumin 
as well as normal human serum and the 1% 
guinea pig lung homogenate. No evidence 
was obtained for binding of histamine at 
equilibrium levels of 47.6, 0.5, and 0.02 y per 
ml by these proteins. 

The above experiments were performed un- 
der different conditions than those used by 
the previous workers(1,2). For y-globulin 
more comparable experiments were carried 
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out. The bags contained 4 y of histamine 
(2000 c.p.m. above background when assayed 
for radioactivity as above) and 5 mg of 
y-globulin in 10.2 ml of Tyrode solution and 
were placed in 5.1 ml of Tyrode containing 
2 y of histamine (1000 c.p.m.). As above, 
controls were run in which y-globulin was 
absent. The tubes were shaken 3 hours at 
room temperature (26-8°C), and 1.0 ml ali- 
quots of the solutions outside the cellulose 
bags were assayed for radioactivity. The his- 
tamine was uniformly distributed in the tubes 
equilibrated with y-globulin, as well as the 
controls, all samples assaying 195 c.p.m. above 
background per ml (0.39 y/ml) within the 
counting error of 5%. There was therefore 
no evidence for binding of histamine by 
y-globulin under these conditions. The solu- 
tions both inside and outside the cellulose 
bags were checked for their histamine content 
by pharmacological assay on guinea pig in- 
testine.} Within experimental error the solu- 
tions outside the bags contained the equi- 
librium concentration of histamine (0.45 
y/ml), but the solutions within the bags con- 
taining y-globulin gave low assays (0.25 
y/ml). The latter levels were increased by 
acid hydrolysis or trichloroacetic acid pre- 
cipitation of the protein, but the experimental 
uncertainty was greater than any uptake of 
histamine which might have occurred. 


An attempt was also made to demonstrate 
binding of histamine at room temperature by 
a much higher level of y-globulin. The solu- 
tions within the cellulose bags contained a 
5% solution of the protein and the concen- 
tration of labeled histamine was 0.33 y/ml 
(163 c.p.m. per ml by the usual assay pro- 
cedure). Both the solution equilibrated with 
protein and that equilibrated with Tyrode 
assayed as expected for uniform distribution 
of histamine on both sides of the cellulose 
membrane. 


Discussion and summary. The results with 
labeled histamine show that it is not bound 
reversibly by blood proteins. As found by 
Parrot et al.(1,2), y-globulin causes a diminu- 
tion of the pharmacological activity of hista- 


¢ Dr. G. Ungar of:this Institute kindly carried out 
these assays. 
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mine solutions, but on the basis of the dialysis- 
equilibrium experiments this effect cannot be 
attributed to binding of histamine by the pro- 
tein. Schayer(5) has pointed out the non- 
equilibration of guinea pig organs with exo- 
genous histamine in vivo. The present results 
show that in vitro guinea pig lung is incapable 
of binding added histamine or of equilibrating 
added with bound histamine. Apparently, 
binding of histamine requires formation at the 


Anti-mycobacterial Properties of a New Derivative of Isoniazid. 


A NEw DERIVATIVE OF JSONIAZID 


binding site. 
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E. GRUNBERG AND R. J. SCHNITZER. 
From the Chemotherapy Laboratories, Hoffmann-La Roche Inc., Nutley, N. J. 


Since the first description of the marked 
anti-tuberculous properties of isoniazid(1,2,3, 
4) and iproniazid, it has been shown that 
derivatives of isoniazid in which one or both 
of the terminal hydrogens have been replaced 
by substitutions might possess similar high 
activity both im vitro and in vivo(5,6,7,8). 
Of the numerous compounds of this type syn- 
thesized by Dr. H. H. Fox in the Roche 
Chemical Research Laboratories, which were 
studied for their activity against Mvycobac- 
terium tuberculosis and were found to exert 
the expected effect, one substance appeared 
to have favorable properties of both toxicity 
and chemotherapeutic activity. This sub- 
stance, 1,1’-methylenebis(2-isonicotinylhydra- 
zine) from now on designated as Ro 2-4969, 
which contains 2 isoniazid molecules linked by 
the methylene group is characterized by the 
Jack of solubility in water, alcohol and most 
other organic solvents. Despite this physical 
property which distinguishes it sharply from 
other active members of the hydrazine series, 
it exhibited an effect comparable to the parent 
substance. The results of the experimental 
studies carried out with Ro 2-4969 are re- 
ported in the present note. 


Materials and methods. The H37Rv strain 
of M. tuberculosis obtained through the cour- 
tesy of Mr. W. Steenken, Jr., of Trudeau 
Sanatorium on December 20, 1947 was used 
in all experiments. Adult albino mice of 18- 


20 g from our own colony were used through- 
out the investigation. The technics of the 
experiments in mice used in the evaluation of 
Ro 2-4969 are identical with those described 
in earlier publications(2,9) and are based on 
the effect of a 21 day treatment with medi- 
cated diet and examination of the lungs both 
immediately after discontinuation of treat- 
ment as well as 21 days after termination of 
therapy. The lack of solubility of Ro 2-4969 
prompted also experiments in which small pel- 
lets were inserted in the subcutaneous tissue. 
This was followed by intravenous infection 
with M. tuberculosis H37Rv at different in- 
tervals after the implantation. Further de- 
tails of the procedure are given in the text. 

Toxicity for mice. Acute toxicity tests car- 
ried out by administering a single dose of the 
compound by gavage gave an LDs» of 3900.0 
mg/kg.* 

In vivo experiments with M. tuberculosis. 
1. Effect of oral drug administration. If medi- 
cated diet with Ro 2-4969 was started im- 
mediately after the intravenous infection with 
strain H37Rv and continued for 21 days at 
which time the mice were sacrificed and ex- 
amined, the majority of animals were found 
to be protected at a dose of 25.0 mg/kg/day 


* Experiments in different species of animals in- 
cluding chronic toxicity tests have been carried out 
by Dr. Benson and associates in the Roche Pharma- 
cology Laboratory and will be reported elsewhere. 
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TABLE J. Antitubercular Activity of Ro 2-4969 
in Intravenous Infection of Mice with Strain 
H37Ryv. Infection: 0.5 ml of a 10+ dilution of a 
7- to 10-day-old culture in Dubos’ medium. Treat- 
ment: Medicated diet for a 21-day period. 


Daily Mice No. neg. cultures 
dose, No.of protected 
mg/ke mice No. % No. cultures taken 
215.0 40) 39 97.5 21/27 
12.5 19 G te Gils 1/19 
6.25 20 0 0.0 4/20 
Controls 39 0 0.0 3/39 


TABLE II. Antitubereular Activity of Ro 2-4969 
in Intravenous Infection of Mice with Strain 
H37Ryv. Infection: 0.5 ml of a 10+ dilution of a 
7- to 10-day-old culture in Dubos’ medium. Treat- 
ment: Medicated diet for 21 days. Normal diet for 


21 days. 
Daily Mice No. neg. cultures 
dose, No.of protected 
mg/kg mice No. % No. cultures taken 
500 17 16 = 94.1 10/14 
250 20 8 40.0 11/20 
125 17 10 58.8 5/14 
50 10 3 ~=—30..0 3/10 
Controls ils 0 0.0 1/9 
(Table I). These mice also showed the 


phenomenon of lack of growth of cultures 
taken directly from lung tissue. This observa- 
tion which seems to be characteristic for iso- 
niazid and related compounds(1) has mean- 
while been observed by other investigators 
(10,11,12) with isoniazid. The 50% protec- 
tive dose (PDs50) as calculated according to 
Reed and Muench was found to be 15.3 mg/ 
kg/day for Ro2-4969. If the observation 
period was prolonged for an additional 3 weeks 
without therapy, the low doses used in the 
first group of experiments could be expected 
to be inactive since isoniazid required doses 
of more than 50.0 mg/kg/day for lasting pro- 
tection(2). This indeed was the case and a 
dose of 125.0 mg/kg/day or more of Ro 
2-4969 was necessary to produce lasting pro- 
tection (Table II). The PDs» for this type 
of experiment was calculated to be 171 mg/ 
kg/day. The higher dose of 250.0 and 500.0 
mg/kg/day also showed absence of viable ba- 
cilli in at least 70% of the animals cultured. 
That this observation does not constitute a 
claim of “sterilization” of the lung tissue has 
been mentioned in earlier papers(1,2). 

2. Protective effect of implanted pellets. 
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Small pellets containing 25.0 mg of Ro 2-4969 
which were prepared for us by Dr. L. Magid 
of the Roche Pharmaceutical Laboratories, 
were implanted in the dorsal subcutaneous 
tissue of mice. While in the majority of ani- 
mals the pellet caused no untoward effects, 
some animals showed signs of necrotization 
or at least loss of hair at the site of implanta- 
tion. The pellets were, however, palpable for 
periods of 2-3 weeks. At intervals of 0, 3, 7, 
14, 21 and 42 days following implantation of 
the pellet, the animals were infected with M. 
tuberculosis H37Ry intravenously. Each 
group of animals originally consisting of 10 
was sacrificed on the 21-25th day after in-’ 
fection and the lungs examined for the pres- 
ence or absence of gross lesions. 

The results of these experiments (Table 
III) indicate that marked protection was con- 
ferred on the majority of animals infected 
within the first 3 days after the implantation 
of the pellet. Even after 7 days 50% of the 
animals were free of lesions. H{ 2 weeks or 
longer had elapsed, no appreciable protective 
effect was observed. The slow release of Ro 
2-4969 from the site of implantation was seem- 
ingly sufficient to produce an effect similar to 
the continuous drug absorption from the in- 
testinal tract even to the extent that also 
about 60% of the animals which were infected 
within 3 days after pellet implantation showed 
negative cultures from their lungs. One can, 
therefore, characterize the effect of the im- 
plantation of the pellet by stating that a suf- 
ficient amount of the compound seems to be 
released for a period of about 25 days so as 


TABLE III. Protective Effect of Pellets of Ro 
2-4969 in Intravenous Infection of Mice with 
Strain H37Ry. Infection: 0.5 ml of a 10+ dilu- 
tion of a 7- to 10-day-old culture in Dubos’ medium. 
Treatment: 25 mg pellet implanted subcutaneously. 


Insertion of 


pellets... Totalob- Protec- No.neg. cultures 
days before servation tion oa 
infection (days ) rate* No. cultures taken 
0 25, 9/9 5/9 
3 24 8/9 5/8 
a 28 5/10 1/10 
14 35 3/10 1/10 
il 2 0/10 1/9 
42 63 0/9 0/8 
Controls 24-25 0/20 1/20 


* No. of miee free of lesions/No. of treated mice. 
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to inhibit the lesions in a majority of animals 
and even to interfere with the recovery of the 
causative organism. 

Discussion. The experiments presented 
seem to indicate that the insoluble isoniazid 
derivative, 1,1’-methylenebis(2-isonicotinyl 
hydrazine), is apparently absorbed both from 
the gastro-intestinal tract and the subcutan- 
eous tissue in sufficient amounts to exert a 
marked protective effect in the intravenous 
M. tuberculosis infection of mice. Since a 
method of isoniazid determination can be used 
successfully for the determination of blood 
concentrations of this compound(13), one 
might assume that a breakdown to isoniazid 
takes place in the body. 

It is, therefore, also not surprising that the 
activity of this substance is fundamentally 
the same as that of isoniazid. Due probably 
to its slower and perhaps less complete dis- 
tribution, the activity appears to be about 3-4 
times less than that of isoniazid. The low 
toxicity results in a more favorable chemo- 
therapeutic ratio of an LDs0/PDso of 255 as 
compared to 44.1 for isoniazid(1). The as- 
sumption that a compound like Ro 2-4969 
with its still quite appreciable anti-tuberculous 
activity might be suitable for producing a 
therapeutically favorable slow absorption ap- 
propriate to build up a consistently high blood 
level seems to be born out by the investiga- 
tions of Larson and Dickie(13). 

It might also be mentioned at this point 
that preliminary experiments indicate that 
rats infected with M. lepraemurium and kept 
on a diet of 0.4% Ro 2-4969 for a period of 
4 months failed to develop any lesions even 
5 months after discontinuance of the medi- 
cated diet. 


Summary. (1) Chemotherapeutic experi- 
ments with a new insoluble derivative of iso- 


A NEw DERIVATIVE OF ISONIAZID 


niazid, 1,1’-methylenebis(2-isonicotinyl hy- 
drazine), are described which show that this 
compound which was of very low toxicity 
possessed marked anti-tuberculous: properties 
in mice infected with M. tuberculosis H37Rv. 
(2) This substance was evidently absorbed 
from the intestinal tract as well as from the 
subcutaneous tissue where it was implanted 
in the form of a pellet. (3) Although the new 
compound was found to be 3-4 times less ac- 
tive than isoniazid on the basis of the absolute 
value obtained for the 50% protective dose, 
the ratio LD;9/PDso was very favorable (255) 
due to the low toxicity. 
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Study of Relationship between pH of Urine and Sodium and Potassium 
Excretion.* (20596) 


J. U. SCHLEGEL, W. L. Parry, J. J. BETHEIL, AND A. L. Brocu. 


From the Department of Surgery, Buswell Urological Research Laboratory, University of Rochester 
School of Medicine and Dentistry, Rochester, N.Y. 


A normal, characteristic pattern of diurnal 

pH variation has been recognized since the 
middle of the last century(1), but to date its 
occurrence has not been satisfactorily ex- 
plained. Hubbard and Steele(2) found that 
awakening in the morning caused a rise in 
urinary pH. This ‘alkaline tide” is inde- 
pendent of meals. Ryberg(3) observed a drop 
in pH immediately following a meal. Two to 
4 hours after a meal, urinary pH rises(4,5). 
The secretion of gastric juice, changes in 
respiration, as well as secretion of pancreatic 
juice have all been factors considered import- 
ant in this phenomenon. Stanbury and Thom- 
son(6) have shown a clear parallelism between 
urinary pH, sodium, potassium, chloride and 
bicarbonate. They also found that diurnal 
excretory rhythm persisted in the face of 
starvation, water deprivation, salt deprivation, 
sustained action of desoxycorticosterone, 
pituitary antidiuretic hormone, and temporary 
disturbance of the sleep rhythm. 
In the course of a study on the effect of 
adrenalin on the kidneys(7,8), it was found 
that a patient with a low sodium output 
showed a lack of diurnal variation in the pH 
of urine. The addition of salt to this patient’s 
diet resulted in increased sodium output and 
restored a completely normal pattern of alka- 
line tides. This observation prompted a series 
of experiments concerned with urinary sodium 
and potassium excretion and their relation to 
the variation in urinary pH. 

Methods. Twenty-three male medical stu- 
dents and 23 postoperative patients were used 
in this study. Serum sodium was determined 
in nearly all subjects. The students voided 
once every hour for at least 8 hours (8 A.M. 
to 4 P.M.) and the urine was analyzed for 
sodium, potassium, ammonia, chlorides and 
titratable acidity. The pH was determined 


* This investigation was supported with funds from 
the Dr. Henry C. Buswell Memorial and the Office 
of Naval Research. 


immediately on the freshly voided samples but 
no precautions were taken to avoid COs, loss. 
In all the patients, an indwelling catheter was 
placed in the bladder and continuous recording 
of the pH of the urine was carried out for a 
minimum period of 8 hours (8 A.M. to 4 
P.M.). A recording pH meter which has been 
described previously(7,8), or a smaller port- 
able unit,t was used for the continuous de- 
termination of pH. The urine samples from 
the patients were collected every hour and the 
pH was determined on these pooled samples 
without attempting to prevent the loss of COs. 
Since the continuous determination of pH 
took place in a closed system, pH differences 
between the urine in the closed and open sys- 
tem would have indicated the COs loss which 
had taken place. One would expect a differ- 
ence in the magnitude of the pH variations 
using the 2 different methods of collection. If 
an increase and a decrease in pH occurred 
within an hour, a pH determination on samples 
collected hourly would tend to nullify the 
variations. Nevertheless, a comparison of the 
2 methods over a minimum period of 8 hours, 
showed that a lack of variation seen with one 
method, would also be revealed by the other. 
Furthermore, the degree of variation in pH 
using the continuous recording system, com- 
pared fairly well with that of the determina- 
tion on the samples collected every hour. 
Since this study deals with the degree of pH 
variation over a minimum period of 8 hours, 
this variation will, for convenience, be ex- 
pressed as the standard deviation of the pH’s 
of the samples collected hourly. Thus, a 
standard deviation of 0 to +0.2, indicated a 
lack of normal variation in the pH of the urine. 
Normal diurnal variations result in a higher 
standard deviation. Sodium and potassium in 


1 The Macbeth Corp. Newburgh, N. Y., has 
generously cooperated with us in making a small 
unit designed for the purpose of continuously read- 
ing the pH of urine. 
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‘FIG. 1. Correlation of urinary pH variations with mean sodium excretion per min. for a mini- 

mum period of 8 hr. Variations in urinary pH are expressed as stand. dev. and it can be seen 

that 16 patients had very little, or no variation in pH of urine. Circles indicate patients, black 
dots represent normal subjects. 
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FIG. 2. Correlation between mean excretion of potassium per min. and mean excretion of so- 

dium per min. during a minimum period of 8 hr. Cireles represent all cases in which minimal 

or lack of urinary pH variation was seen, black dots represent the cases exhibiting normal 
variations, 


the hourly urine samples as well as in serum 
were determined using a Beckman Spectro- 
photometer model DU with flame photometer 
attachment. The urine samples were also 
analyzed for chloride(9), titratable acid(10) 
and ammonia(11). 

Results. In Fig. 1, variation in the pH of 
the urine expressed as standard deviation of 
pH is plotted against urinary sodium excre- 
tion per minute. It can be seen that when 
sodium excretion drops below approximately 
45 microequivalents per minute, normal pH 
variation is not observed. Fig. 2 shows the 
relationship between the mean excretion of 


sodium and the mean excretion of potassium 
per minute. In most instances when the 
standard deviation of the pH of the urine was 
low, the mean excretion per minute of potas- 
sium was also below 45 microequivalents. This 
figure also shows that only in one of 16 cases 
with low pH fluctuation was the mean sodium 
excretion marginally above 45 microequival- 
ents per minute. Of the cases with a potas- 
sium excretion below 45 microequivalents per 
minute, 5 had a normal urinary pH variation. 

An attempt to correlate the pH variations 
with the mean excretion per minute of am- 
monia and titratable acidity yielded no definite 


URINARY PH 


relationship between either of the two. How- 
ever, all the subjects exhibited an excretion of 
titratable acid within normal range. 

All of the 16 subjects which exhibited a rela- 
tively fixed urinary pH with no or only 
minimal variation, had an acid urine. How- 
ever, the actual pH varied considerably from 
individual to individual (4.8-6.0). Therefore, 
no correlation was found between the sodium 
excretion and the actual pH of the urine. 


Discussion. The mechanism accomplishing 
acidification of the urine, according to Pitts 
(12,13), involves the carbonic anhydrase 
catalyzed hydration of carbonic acid and a 
process of ion exchange. Since the administra- 
tion of the carbonic anhydrase inhibitor 6063 
{Diamox) can result in a sodium diuresis 
which is greatly in excess of that which could 
be accounted for in terms of hydrogen ion ex- 
change, it must be assumed that carbonic an- 
hydrase is responsible in some additional way 
for a much greater reabsorption of sodium than 
has hitherto been assumed. This has recently 
’ been suggested by Pitts(14). 

Tf this is true, it would follow that maximum 
activity in the systems involving carbonic an- 
hydrase should result in maximum reabsorp- 
tion of sodium and maximum production of 
hydrogen ion, the latter probably being re- 
sponsible for the fixation of urinary pH on the 
acid side. 

The results obtained in this study indicate 
that a fixed acid urine is concomitant with a 
high reabsorption of base. This would be 
expected if the above mentioned theory is 
correct. 

The data in this paper have been utilized 
clinically to evaluate excretion of base. It has 
been a constant observation that patients ex- 
hibit water and salt retention as long as they 
maintain a fixed urinary pH provided that 
titratable acidity is not exceedingly high 
(above 25 microequivalents per minute). This 
has repeatedly been observed in cases of trau- 
matic shock. In cases where it has been pos- 
sible to restore normal pH fluctuations, this 
has been concomitant with sodium diuresis 
leading to water and salt balance. Much 
work remains to be done along these lines but 
so far it has been possible to utilize this tech- 
nic with great advantage in some severely 
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burned patients(15). It is worthwhile to 
emphasize that only patients with supposedly 
normal kidneys have been considered and it is 
doubtful whether the correlation described 
in this study will have bearing in patients with 
renal damage. 


Summary. Urinary pH was determined 
hourly for a minimum period of 8 hours in 46 
cases. The urine samples which were col- 
lected every hour were analyzed for sodium, 
potassium, ammonia, chloride and titratable 
acidity. A definite correlation between sodium- 
potassium excretion and variation in pH of 
the urine was established. All 16 exhibiting a 
sodium excretion below 45 microequivalents — 
per minute had a fixed urinary pH at a level 
which differed considerably from individual 
to individual. Only one person with a slightly 
higher sodium excretion (53 microequivalents 
per minute) had a fixed urinary pH. Potas- 
sium showed a similar pattern although less 
consistent, since 5 subjects with normal pH 
variations had a low potassium excretion, 
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Action of Fluoroacetate on Uptake of PAH by Renal Slices of the Dog.* 
(20597) 


G. GRAHAM, F. Kona, ANpD A. FARAH. 


From the Department of Pharmacology, State University of New York Upstate Medical Center, 
Syracuse, N. Y. 


In a previous publication(1) we have shown 
that treatment of the anesthetized dog with 
sodium fluoroacetate inhibited renal p-amino- 
hippurate (PAH) secretion as well as glomer- 
ular filtration rate and blood flow through the 
kidney(1). These hemodynamic changes 
made interpretation rather difficult and it 
was deemed desirable to determine the effects 
of fluoroacetate on PAH secretion by the 
method of Cross and Taggert(2). Cross and 
Taggert(2) have shown that the slice: medium 
ratio of PAH is an index of the secretory 
activity of the renal slices. In most of our 
experiments both the slice:medium ratio 
(S:M ratio) for PAH as well as the oxygen 
consumption have been determined in the 
presence and absence of acetate as substrate. 

Methods. Dogs weighing 6 to 14 kg were 
anesthetized with 30 to 35 mg per kg of pento- 
barbital given intravenously. The left kidney 
was removed first and the S:M ratio and 
oxygen consumption were determined. The 
animal then received an infusion of isotonic 
saline, 3.4% sodium bicarbonate or 2 or 6% 
sodium acetate containing pentobarbital (50 
mg/l.). The rate of infusion was about 10 cc 
/minute/m* body surface. About 30 minutes 
after the infusion was started either saline or 
fluoroacetate was injected intravenously. 
About 3 hours after this injection the right 
kidney was removed and the oxygen consump- 
tion and PAH slice:medium ratio were de- 
termined. The same technic as described by 
Cross and Taggert(2) was used except that 
the PAH concentration was 0.0013M. In 
some of the experiments the slices were incu- 
bated in a Dubnoff metabolic shaking ma- 
chine and the gas phase used was 100% 
oxygen. 

Results. Control experiments have shown 
that the oxygen consumption and the slice: 


* Supported by a grant-in-aid from the Hendricks 
Research Fund, Syracuse, N. Y., and the Sterling- 
Winthrop Research Institute, Rensselaer, N. Y. 


medium ratio of PAH of the left and right 
kidney were about the same. The procedure 
used was the same as for the fluoroacetate 
experiments except that saline was given in- 
stead of fluoroacetate (Table I). From Table 
II it can be seen that the higher dosages of 
fluoroacetate depressed both oxygen consump- 
tion and PAH uptake in the absence of sub- 
strate and completely eliminated the incre- 
ment in PAH uptake and oxygen consumption 
produced by acetate. With doses of 0.5 and 
0.25 mg of NaFAc per kg the influence on 
oxygen consumption and. PAH uptake in the 
absence of substrate was minimal but the 
increment produced by acetate as substrate, 
was practically completely eliminated. Table I 
shows the results when acetate was infused. 
Acetate infusions alone increased both oxygen 
consumption and the S:M ratio. The in- 
fusion of acetate protected the kidney against. 
fluoroacetate and this protection was roughly 
proportional to the rate of infusion of sodium 
acetate (Table III). Control experiments. 
with bicarbonate infusions did not show any 
protection against NaF Ac and are included in 
Table III. 


Discussion. It is apparent from the above: 
findings that the metabolic reactions involved. 
in the increment in oxygen consumption and 
S:M ratio produced by acetate are far more 
sensitive to fluoroacetate poisoning than the 
metabolic reactions occurring in the absence 
of acetate. It must be concluded that fluoro- 
acetate primarily blocks those metabolic path-. 
ways related to acetate oxidation but is less. 
effective in blocking the endogenous metab- 
olism. Fluoroacetate resistant energy produc- 
ing mechanisms have been demonstrated in 
intestinal(3-5) and in uterine(6) smooth 
muscle. It is possible that the kidney may 
have such a fluoroacetate resistant pathway 
thus explaining the relative resistance of the 
endogenous oxygen consumption and PAH up- 
take to NaFAc in the absence of added ace-- 


FLUOROACETATE EFFECTS ON KIDNEYS 


TABLE I. Influence of Saline and Acetate Infusions on Oxygen Consumption and PAH Uptake 
of Dog Kidney Slices. Saline and acetate infusions about 10 ce/min./m? body surface. Left 
kidney (control) removed first. Three hours after start of infusion right kidney removed. 


——— Left kidney (control) ————_,_ ———Right kidney (experimental) ——\ 


Oxygen Oxygen 
consumption PAH S:M ratio consumption PAH S:M ratio 
No No No No 
Infusion, substrate NaAc, substrate NaAc, substrate NaAc, substrate NaAc, 
% added 01M added 01M added .01M added 01M 
9 NaCl 984 1.531 4.4 12.7 960 1.576 4.2 11.8 
a es 781 1.370 3.6 9.5 792 1.394 3.7 9.0 
2 NaAc — — 3.59 8.76 — — 7.2 8.0 
Tick oe 683 1.130 3.3 7.4 931 1.24 6.4 8.3 
6 NaAe 912 1.473 3.2 9.6 1.420 1.400, 9.4 9.2 
EG 1.02 1.625 4.0 11.5 1.715 1.532 10.8 12.0 
fee stat — — 4.3 10.5 — 12.3 AME) 
ei, — — 4.2 10.4 — -— 9:11 9.4 


TABLE II. Influence of Sodium Fluoroacetate on Oxygen Consumption and PAH Uptake of 
Dog Kidney Slices. Saline infusion about 10 ce/min./m? body surface. Left kidney removed 
first as control. Three hours after injection of saline or fluoroacetate right kidney removed. 


Left kidney (control) 


v 


Right kidney (experimental )——, 


Oxygen Oxygen 
consumption PAH S:M ratio consumption PAH S:M ratio 
Dosage of No No No No 

NaF Ae, substrate NaAc, substrate NaAc, substrate NaAc, substrate NadAc, 
mg/kg added 01M added 01M added 01M added 01M 

0 .984 1.531 4.4 12.7 960 1.576 4.2 11.8 

0 781 1.370 3.6 9.5 792 1.394 3.7 9.0 

25 1.04 1.632 6.8 17.2 1.00 1.18 6.45 6.8 
20 845 1.276 4.0 OFT, 800 901 4.2 6.05 

25 712 1.140 3.7 8.6 .760 13 3.5 4.0 
5) atl) 1.570 7.0 16.07 1.00 925 3.10 2.45 
3) 69 1.21 4.0 11.70 afl .820 3.14 4.54 
15 915 1.31 2.6 5.43 785 .790 1.4 1.59 
1 884 1.28 3.5 9.86 715 731 2.3 2.01 
1 904 1.465 3.9 10.70 76 742 1.85 2.05 

2 773 1.211 4.4 13.5 525 510 1.93 1.6 
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TABLE III. Influence of Sodium Acetate Infusions on Inhibition of Oxygen Consumption 

and PAH Uptake Produced by Sodium Fluoroacetate. Left kidney was removed first and used 

as control. Infusion of sodium acetate or bicarbonate was started (about 10 c¢/min./m’) and 

30 min. later 1 mg sodium fluoroacetate/kg given. Three hours after fluoroacetate administra- 
tion right kidney removed and studied. 


Left kidney (control) ~ ,— -Right kidney (experimental) ——, 
Oxygen Oxygen 
consumption S:M ratio consumption S:M ratio 
No No No No 
Infusion, substrate NaAc, substrate NaAc, substrate NaAc, substrate NaAc, 
% needed 01M needed 01M needed 01M needed .01M 
NaAc 2 .795 lige yoyll 4.1 115 1.390 1.415 6.4 8.2 
2 937 1.674 3.5 8.2 1.610 1.572 4.8 6.5 
6 882 1.248 ae 9.6 1.331 1.295 10.5 9.3 
6 .768 1.310 2.9 9.0 1.285 1.335 10.3 12.0 
6 912 1.440 4.4 12:6 1.518 1.490 tleay 8.8 
NaHCoO, 3.4 = — 7.9 14.6 —- “= 2.24 2.20 
2 < —_— — 4.0 11.8 — — Tae 2.0 


The infusion of acetate in the intact dog 
resulted in an increase in the oxygen con- 
sumption and PAH accumulation of the kid- 


tate. Attempts are now being made to settle 
this point by adding fluoroacetate to kidney 
slices in vitro. 
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ney slices obtained from these dogs. This 
indicates that enough acetate or 2 carbon frag- 
ments had accumulated during the infusion 
period to stimulate the uptake of PAH to the 
same extent as 0.01M acetate added im vitro 
(compare Table I and III). The infusion of 
acetate further protected the kidney from 
NaFAc inhibition and the protection was 
roughly proportioned to the rate of acetate 
infusion. 

The effect of fluoroacetate on oxygen con- 
sumption was relatively small compared to 
its effects on PAH accumulation. This is 
especially apparent in those experiments where 
no acetate was added. This indicates that 
only a small fraction of the total oxygen con- 
sumption is utilized for PAH transport. On 
the other hand fluoroacetate eliminated both 
the acetate induced increments in oxygen con- 
sumption and PAH uptake. This finding 
shows that acetate or the two carbon frag- 
ment is of primary importance in renal PAH 
transport(2). 


STABILITY OF SERUM AMYLASE 


Summary. Small doses of fluoroacetate 
mainly inhibit the ability of dog renal slices 
to respond to acetate stimulation as measured 
by PAH uptake and oxygen consumption. 
Larger doses of fluoroacetate produced inhi- 


eer 


bition of oxygen consumption and PAH up- — 


take of renal slices in the absence of substrate. 
The effects on PAH uptake are more marked 
than are those on oxygen consumption. 
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Stability of Serum Amylase.* (20598) 


Ropert L. McGEAcHIN. 


(Introduced by Warren S. Rehm.) 


From the Department of Biochemistry, University of Louisville School of Medicine, Louisville, Ky. 


Data available on the stability of pancreatic 
amylase in aqueous solution(1,2) indicate that 
highly purified preparations are quite stable 
but that crude preparations may lose their 
activity rapidly. However, a search of the 
literature disclosed a paucity of information 
regarding the stability of amylase in body 
tissues or fluids during storage. Scharles and 
Salter(3) state that aqueous extracts of the 
tumors of mouse sarcoma 180, preserved with 
toluene and kept in the refrigerator, retained 
their activity for several months. Fennel(4) 
states “urine or serum properly obtained and 
stored in the icebox at 4°C is trustworthy for 
24, 48, or even 72 hours... the amylase con- 
tent of serum remains remarkably constant in 


* This work was aided by a grant to the University 
of Louisville from the Kentucky State Medical 
Research Com. 


storage at 4°C; that of urine is not so stable.” 
However, no quantitative data to support 
these statements were given in these papers. 
and none was found elsewhere. 

In clinical laboratories, it may be necessary 
to delay serum amylase determinations several 
days. Therefore, the question arises whether 
the amylase activity of stored sera remains: 
constant. 


Procedure. Samples of human blood were 
obtained from 14 normal, presumably healthy, 
staff members, technicians and secretaries of 
the University of Louisville School of Medi- 
cine. After clotting of the blood, the sera 
were immediately separated by centrifugation 
and analyzed for amylase activity by the 
method of Van Loon(5). Determinations of 
amylase activity were carried out immediately 
after separation of the sera (Day 1), one day 


STABILITY OF SERUM AMYLASE 


TABLE I. 
Amylase Activity of Human Sera, in 14 Subjects. 


-—Amylase activity of serum—, 


Day 1 Day 2 Day 5 
87 82 77 
102 al 103 
86 89 86 
all 119 118 
61 74 86 
112 iat) 114 
64 66 81 
106 105 105 
105 104 103 
107 93 101 
76 85 93 
110 101 95 
39 44 48 
126 123 122 
Avg 93.0 93.5 95.1 
Stand. dev. 6.5 idleil 
9.2% 16.1% 
Stand. error 1.8 3.0 
2.5% 4.3% 
t .28 .70 
83% 1.30% 
TABLE II. 


Amylase Activity of Dog Serum in 5 Animals. 


-—Amylase activity of serum—, 


Day 1 Day 2 Day 5 

1180 1190 1290 

2660 2370 2440) 

900 1470 1450 

800 800 780 

940 940 940 

Avg 1300 1350 1380 


later (Day 2), and 4 days later (Day 5). The 
sera were stored in tightly stoppered test 
tubes in a refrigerator at 9-10°C between 
analyses. The results of these analyses are 
given in Table I. Sera obtained from 5 dogs 
were analyzed and treated in similar manner 
(Table II). Since the amylase content of dog 
serum is normally 10-20 times that of human 
serum, 1:100 dilutions of serum were used in 
these analyses instead of the standard 1:10 
dilutions. 

Results. The results shown in Table I 
were analyzed statistically using the method 
of paired variants. ‘“Student’s” t test was 
applied to the results using the hypothesis 
that no change in amylase activity occurred. 
Using the 5% value for t, which for 14 pairs 
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of observations is 2.16, it was found that no 
change occurred. The t values in all cases 
were less than 2.16. Fiducial limits for 
Day 1-Day 2 were 0.5 + 3.8 amylase units 
and 2.0 + 5.3%; for Day 1-Day 5, 2.1 + 
6.5 amylase units and 5.5 + 9.3%. 


Discussion. In no case were the changes of 
such magnitude that they would lead to er- 
roneous clinical diagnoses if serum amylase 
determinations were delayed. The increases 
in the amylase activities of the sera from 
P.M. and S.W. and from Dog 3 were signifi- 
cant but the mechanism of these increases is 
unknown. Work is now in progress testing | 
the possibility of the formation of amylase 
activators or the presence of labile inhibitors. 
When the data on human sera were analyzed 
omitting the results for P.M. and S.W. there 
was no change in the general conclusion that 
the amylase activity of serum does not 
change during storage. 

It is interesting that the serum amylase 
level of one subject, W.C., was definitely sub- 
normal (normal range for Van Loon’s method 
is 60-160) even though the subject showed no 
clinical symptoms of pancreatic insufficiency 
or hepatic disease. 


Summary. The amylase activity of serum 
does not change significantly on a statistical 
basis when sera are stored at 9-10°C for 5 
days. A few cases in which there were sig- 
nificant increases were noted, however. 


The author wishes to express his appreciation to 
Dr. E. J. Van Loon for making the details of his 
serum amylase method available prior to its publica- 
tion and for helpful comments and suggestions during 
the course of this work. 


1. Meyer, K. H., Fischer, E. H., and Bernfeld, P., 
Arch. Biochem., 1947, v14, 149. 

2. Caldwelly Mex. -ande Kune. J ss, Aa 
Chem. Soc., 1953, v75, 3132. 

Savochanies: sha Hn iand-salter, Wied Agee 
Cancer, 1934, v20, 613. 

4, Fennel, E. A.. Am. J. Clin. Path., 1944, v14, 89. 
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Effect of Heat on the Agent of Homologous Serum Hepatitis.* 


(20599) 


RopERIcCK MurrAY AND WILLIAM C. L. DIEFENBACH. 
(Introduced by Sara E. Branham.) 


From the Laboratory of Biologics Control, National Microbiological Institute, National Institutes 
of Health, Public Health Service, U.S. Department of Health, Education, and Welfare, Bethesda, Md. 


The etiological agents of serum hepatitis 
and of infectious hepatitis are unusually re- 
sistant to chemical and physical methods of 
inactivation(1). The occurrence of numerous 
cases of homologous serum hepatitis follow- 
ing inoculation of certain lots of yellow fever 
vaccine to which human serum had been 
added has demonstrated that the agent of 
homologous serum hepatitis can survive heat- 
ing at 56°C for 30 to 60 minutes(2,3). The 
human serum which was used in the manufac- 
ture of early lots of yellow fever vaccine was 
routinely “inactivated” by heating at 56°C 
for one hour. Actual practice, however, 
probably fell somewhat short of this(2). 
Oliphant, Gilliam, and Larson(4) showed that 
a sample of dried yellow fever vaccine from 
one of the incriminated lots was still capable 
of producing hepatitis after a further period 
of heating at 56°C for 30 minutes. Gellis, 
Neefe, Stokes e¢ al. have demonstrated that a 
mixture consisting of 40 ml of normal serum 
albumin and 10 ml of proved icterogenic 
plasma failed to produce serum hepatitis when 
inoculated in 10 ml amounts into 5 volunteers 
after it had been heated at 60°C for 10 hours 
(5). The difference between the amounts of 
heat applied in heating at 56°C for one hour 
and at 60°C for 10 hours is considerable, and 
there is no indication of the factor of safety 
involved in heating under the latter conditions 
as is required in the manufacture of Normal 
Serum Albumin (Human) (6). Because of this, 
and the fact that heated plasma might be 


* This investigation was conducted in part under 
contract from the Office of the Surgeon General, De- 
partment of the Army, and under the sponsorship 
of the Commission on Liver Disease, Armed Forces 
Epidemiological Board. 

This work was made possible through the co- 
operation of the Bureau of Prisons, U. S. Depart- 
ment of Justice and of the Staff of the U. S. 
Penitentiary, McNeil Island, Wash. The service 
rendered by the volunteers is gratefully acknowledged. 


clinically useful were the amount of heat ap- 
plied sufficient to inactivate the virus of serum 
hepatitis without serious damage to the pro- 
teins, it was decided to investigate the effect 
of heating at 60°C for 4 hours and for 2 hours 
by means of inoculation studies in human 
volunteers. Preliminary work had shown 
that heating at 60°C for 4 or more hours 
caused serious injury to the plasma as evi- 
denced, among other things, by the occurrence 
of turbidity and the formation of a precipi- 
tate (7s)e 

Effect of heating infected pool plasma at 
60°C. The present study was part of an ex- 
tensive program concerned with the safety of 
blood and blood products with respect to viral 
hepatitis, the general conduct of which is be- 
ing reported elsewhere(8). Material from a 
single large pool of infected plasma, referred 
to as infected pool plasma, was used in all 
the studies on the safety of plasma and its 
derivatives conducted by our group. 

Samples of infected pool plasma were sub- 
jected to controlled heating as follows: Four 
10 ml bottles closed by means of sleeve stop- 
pers and containing 7 ml of infected material 
were suspended in a water bath so that each 
bottle was completely immersed. The water 
was kept constantly agitated by means of a 
mechanical stirrer. Two bottles were removed 


after 2 hours of such heating, while the re- - 


maining 2 were removed after 4 hours. Dur- 
ing this period of time, the temperature of 
the bath was maintained between 59.2 and 
60.4°C. Two thermometers were used. A 
fifth similar bottle was kept at room tempera- 
ture during the heating process. This served 
as a control. All bottles were shell-frozen by 
means of dry ice and alcohol immediately 
after heating and subsequently stored at 
—20°C until the time approached for admin- 
istration to volunteer subjects. At this time 
the samples were transported to the institu- 
tion where they were to be used in a Dewar 
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TABLE I. Effect of Heating Infected Pool Plasma at 60°C. 


———Cases of hepatitis——_, 


Duration of With Without 
heating, hr No. inoe. jaundice jaundice Total Incubation period (days) 
2 10 3 a 4 TV Chis EG eye 
4 10 3 ot 5 84,1 87, 88, 91,t 97 
Not heated 5 1 1 2 Viet 


* Case of hepatitis showing clinical signs and symptoms but no jaundice, 
+ Cases showing only abnormal laboratory findings. 


PACS | 


flask under dry ice refrigeration. Some of the 
dry ice was still present when the flask was 
opened at the time of the inoculations. Two 
groups of 10 volunteers who had been care- 
fully screened by a series of liver function 
tests were inoculated with heated material. 
One group received 1.0 ml of the plasma 
which had been heated for 2 hours at 60°C 
and the other 1.0 ml of that which had been 
_heated for 4 hours at 60°C. Members of a 
third group of 5 men were each given 1.0 
ml of the control material. All volunteers 
were kept under close observation for 6 


months. The results are summarized in 
‘ Table I. 


It will be seen that 3 cases of hepatitis 
with jaundice and one showing clinical signs 
and symptoms of hepatitis but with no visible 
jaundice occurred in the group of 10 men 
inoculated with plasma which had been heated 
for 2 hours. Three cases of hepatitis with 
jaundice and 2 cases showing abnormal labora- 
tory findings occurred in the group which re- 
ceived the plasma which had been heated for 
4 hours. One case of hepatitis with jaundice 
and one case of hepatitis without jaundice 
occurred in the group which received the con- 
trol material. 

Experience with untreated infected pool 
plasma used as control material in this and 


other studies indicates that out of 55 subjects 
who received this material 22 (40%) devel- 
oped hepatitis with jaundice, while 3 (5.5%) 
developed hepatitis without jaundice. Four 
additional subjects in these control groups | 
showed laboratory findings suggestive of 
hepatitis. 


Conclusions. Samples of plasma known to 
contain the agent of homologous serum hepa- 
titis retained their ability to produce hepatitis 
even after being heated at 60°C for 4 hours. 


1. ist Report, Expert Committee on Hepatitis, 
W. H. O. Tech. Rep. Series 1953, No. 62. 

2: Sawyer, W. A., Meyer, K. F., Eaton, M. D., 
Bauer, J. H., Putnam, P., Schwentker, F. F., Am. 
J. Hyg., 1944, v40, 35. 

3. MacCallum, F. O., and Bauer, D. J., Lancet, 
1944, v246, 622. 

4. Oliphant, J. W., Gilliam, A. G., and Larson, 
C. Li, Pub. Health Rep: 1943, v58, 1233: 

5. Gellis, Sydney S., Neefe, John R., Stokes, 
Joseph, Jr., Strong, Lawrence E., Janeway, Charles 
A., and Scatchard, George, J. Clin. Invest., 1948, v27, 
239. 

6. Minimum Requirements: Norman Serum Albu- 
min (Human). National Institutes of Health, U. S. 
Public Health Service, Bethesda, Md. 

7. Hornibrook, J. W., Personal communication. 
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of Hyperglycemic Effect of Glucagon in the Eviscerate Rat.* 


(20600) 


Dwicut J. INGLE, JaMEs E. NEzAmis, AND Leo M. HUMPHREY. 
From the Research Laboratories, The Upjohn Company, Kalamazoo, Mich. 


In these experiments, glucagon (a hyper- 
glycemic principle occurring in extracts of 
pancreas) caused hyperglycemia in normal but 
not in eviscerated rats. 

Methods. General details have been pub- 
lished(1,2). Male rats were eviscerated at 
250 + 2g weight. All rats were studied under 
barbiturate anesthesia. The eviscerated rats 
were given solutions of glucose with and with- 
out insulin and antibiotics by continuous intra- 
venous injection at the rate of 20 ml per 24 
hours per rat. The normal rats received equal 
volumes of physiological saline. The glucose 
load is expressed as mg of glucose per 100 g 
of rat per hour (mg/100 g/h). When insulin 
(regular) was added, it was given at the rate 
of 4 units per 24 hours per rat. The anti- 
biotic dosage was 10,000 units of penicillin and 
5 mg of streptomycin per rat per 24 hours. 
A highly purified(3) preparation of glucagon 
was added to the glucose solution in some ex- 
periments, but in others, each dose was con- 
tained in 0.1 ml of physiological saline which 


was injected rapidly into the saphenous vein 
of the left hind leg. Glucose was determined 
(4) on tail blood. The temperature was 
26.5) 0025 C3 

Experiments and results. In Exp. 1 the 
eviscerated rats received a glucose load of 
64/100 g/h with insulin and the normal rats 
received only saline by continuous intravenous 
injection for periods of 90 minutes. Each rat 
received a separate injection of glucagon 30 
minutes after the continuous injections were 
started. All doses of glucagon caused hyper- 
glycemia in the normal rats but did not sig- 
nificantly affect the level of blood glucose in 
the eviscerated rats. The data are in Table I. 

In Exp. 2 (Fig..1) glucagon was given in 
the infusion fluid at a dose of 25 yg per rat 
per hour and an added dose of 25 ug con- 
tained in 0.1 ml of physiological saline was 
given separately at the time the continuous 
injections were started. Six pairs of evisce- 
rated rats were given a glucose load of 64/100 
g/h plus insulin for a period of 2 hours follow- 


TABLE I. Effect of Glucagon upon Level of Blood Glucose in Eviscerate and Non-Eviscerate 
Rats. Insulin and glucose (64/100 g/h) to eviscerate rats. Glucagon administered separately. 
Individual values, mg %. 


Non-eviscerate Eviscerate 

Dose wg -—Min. post-injection—, 7—Min. post-injection—, 

glucagon Initial 15 30 45 60 Tnitial 15 30 45 60 
aL 121 153 156 
10 126 153 195 
127 142 186 

10 99 151 164 165 1638 ays 117 109 118 116 

102 147 186 181 174 120 118 87 123 118 

111 LOS pe OL 68 166 102 91 93 87 93 

108 153 165 183 181 138 145 148 159 165 

111 141 162 168 162 117 121 123 ©1118 106 

108 144 172 162 138 96 75 69 69 66 

25 115 ALA 192 186 156 aay 99 106 alalak 120 

111 Maoy, = palycp | Steilal 164 129 138 133 133 132 

100 132 172 181 219 228 127 108 UL ee WAP Neres all 

126 187 189 —207 192 129 133 135 165 168 

250 120 yal 199 216 213 96 108 85 87 90 

123 154 189 231 216 123 121 4130 135 138 


* We wish to express our thanks to Dr. W. R. 
Kirtley, Clinical Investigation Department, Lilly 


and Co., who supplied the glucagon for these studies. 


j 7 


GLUCAGON IN EVISCERATE RAT 


233 


— 
Z 
WJ 
re) 
3 200 RE GUO SDB ORO Eek COSROG OR rena i 
x a SASCOKSCoge 
a 150 Ria 
oO pose a eS A 
= 100 | S®8etr rr --------- 2 nnn en - 
Ww 
EVISCERATED NORMAL 
Y GLUCAGON 
50 64/100/h NO GLUCOSE ?++++**GLUCAGON 
G), ae he 3 
O WITH soy CONTROL NO INSULIN 
=) 
= 
oO 
eS 100 
o) EVISCERATED 
= 50 IS AOC) > Sas Conte oes 
OD WITHOUT INSULIN 
fo) 30 60 90 120 
MINUTES 


FIG. 1. Absence of hyperglycemic effect of glucagon in eviscerated rat; presence of hypergly- 


cemic effect of glucagon in normal rat. Avg 
intervals 


ing evisceration. Six pairs of eviscerated rats 
were given a glucose load of 16/100 g/h with- 
out insulin for 2 hours. One rat of each pair 
received glucagon whilst the other rat of each 
pair received added saline only. Six normal 
“rats were given continuous intravenous injec- 
tions of saline without glucose or insulin. The 
normal rats developed hyperglycemia follow- 
ing the injection of glucagon but the blood 
glucose of the eviscerated rats did not rise 
above that of their controls. 

In Exp. 3, 19 pairs of eviscerated rats were 
each given a glucose load of 40/100 g/h with 
insulin and antibiotics for 24 hours. One rat 
of each pair received 500 wg of glucagon per 
24 hours added to the infusion fluid. At 
the end of the 24 hours, the rats given glu- 
cagon had an average level of blood glucose of 
105 + 24 and the control rats, an average of 
PZs 8.55 

In order to test the stability of glucagon, a 
solution of 10 mg in 100 ml was kept at room 
temperature for 24 hours and then adminis- 
tered by continuous intravenous injection to 
4 normal rats under barbiturate anesthesia for 
a period of 30 minutes. Each rat received 
10 pg of glucagon. Hyperglycemia developed 
in each animal, the average value for blood 


of 6 rats/group. Blood glucose determined at 


of 30 min. 


glucose being 109 mg % at the beginning of 
injection and 183 mg % at the end of 30 
minutes. 


Discussion. It has been shown that hepatic 
glycogenolysis occurs following the injection 
of glucagon(5). The data of the present 
study fail to show any extra-hepatic effect of 
glucagon upon the tolerance of the rat for 
intravenously administered glucose but these 
observations do not exclude the possibility that 
glucagon has extra-hepatic effects upon me- 
tabolism. 


Summary. Eviscerated rats were given con- 
tinuous intravenous injections of glucose. The 
intravenous injection of. glucagon failed to 
affect the level of blood glucose in eviscerated 
rats but did cause hyperglycemia in normal 
rats. 


1. Ingle, D. J., Exp. Med. and Surg., 1949, v7, 34. 

2. Ingle, D. J., and Nezamis, J. E., Am. J. Physiol., 
1951, v166, 349. 

3. Staub, A., Sinn, L., and Behrens, O. K., Science, 
1953, v117, 628. 

4, Shaffer, P. A., and Williams, R. D., J. Biol. 
Chem., 1935, v111, 707. 

5. De Duve, Chr., The Lancet, 1953, v265, 99 
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Autoradiographic Arsenic Localization in Adult and Embryonic Epithelium 


and Connective Tissues.* 


(20601) 


SHELDON C. SoMMERS, BARBARA S. GEYER, AND RoSANNA N. CHUTE. 
(Introduced by S. Warren.) 
From the Laboratory of Pathology, Harvard Cancer Commission, and the Cancer Research Institute, 
New England Deaconess Hospital, Boston, Mass. 


It is well known that absorbed inorganic 
arsenic in mammals is localized in and ex- 
creted via the skin, nails and hair. However, 
biochemical, histochemical and isotope tech- 
nics are in disagreement or leave doubt as to 
the exact tissue sites of predilection. As part 
of a pathologic study(1) which demonstrated 
cancers arising in human skin from epidermis, 
sweat and sebaceous glands, and probably 
also from hair follicles, an attempt was made 
to determine in animal tissues the localizations 
of radioactive arsenic, using autoradiography. 
Uptakes were tested in intact adult mice and 
‘in tissue cultures of embryonic mouse epithel- 
ium and chick fibroblasts. 

Methods. The radioactive arsenic was re- 
ceived as a mixture of As’? and As™@. A 
single analysis showed 3.406 mg of arsenic 
per ml of the original solution in 0.059 N 
hydrochloric acid. Before injection a pH 6.4 
phosphate buffer was added. The radioactiv- 
ity level was redetermined before use. Mice 
of ABC strain, either sex, weighing 20 + 5 g 
were used. Single injections were made: 


Buffer, Inj. 
Volrml ml As® ue As“ ue (vein) Sacrificed 
2 mile 28.4 5.15 Jugular lhr 
Fs) 1 42.6 7.72 Caudal 20 
3) 1 42.6 (oil - 72 


There was insufficient radioactivity in 
mouse tissues from these experiments fixed by 
freezing-drying or in 10% formalin and em- 
bedded in paraffin to permit successful auto- 
radiography. 

On, this account repeated doses were em- 


ployed: 
Buffer, 
Voljmly ml” “As® ne, As ic) “inj= interval 
a) 3 67.5 10.1 Intrap. 
5 3 67.5 INGE ‘< 1 hr later 
75 2 101.25 15.0 3 22 hr after 
2nd inj. 


* This work was done under U. S. Atomic Energy 
‘Commission Contract AT (30-1)-901 with the New 
‘England Deaconess Hospital. 


Sacrifice was carried out one hour later. 
total dose was 236.25 pc of As’? and 35.2 of 
As in 1.75 ml of arsenic solution plus 0.8 ml 
of phosphate buffer. Total arsenic admin- 
istered was 5.95 mg. 


The mouse tissues were fixed by freezing- 
drying and embedded in paraffin(2). Sec- 
tions were cut at 6-8 » thick, and preparations 
were completed on the Sth day after sacrifice. 
Autoradiographs set up at this time were 
developed after 10 weeks of exposure. 


Autoradiographs demonstrated arsenic in 
skin sharply and strikingly localized to epi- 
dermis, hair follicles, and other skin adnexa 
(Fig. 1, A and B). Dermal deposit was prac- 
tically nil. In other tissues such as lung and 
kidney localization was evident chiefly in 
blood vessels. In the kidney a rich juxta- 
medullary cortical circulation was demon- 
strated, suggestive of a relative ischemia of 
the outer renal cortex (Fig. 2, A and B). This 
would be consistent with incipient shock(3). 


Tissue cultures were carried out by the 
“flying cover-slip” technic(4), using a nu- 
trient solution composed of 4 parts of human 
ascitic fluid, 1 part of chicken plasma, 5 parts 
of balanced salt solution, and 1 part of peni- 
cillin 1000 units/ml(5). Fibroblast cultures 
were obtained from 8-9 day old chick embryos 
and embryonic mouse epithelium from C57 
strain fetuses. Cultures were grown at 38°C. 

Radioactive or ordinary arsenic trichloride 
was added to separate fibroblastic and epi- 
thelial cultures, in dilutions of 1 part arsenic 
to 80000 parts of medium. Explants cultured 
were a) with radioactive arsenic, b) with 
ordinary arsenic trichloride and c) control 
with ordinary media. The radioactive solu- 
tion was dilute enough to permit tissue growth 
without morphologic evidence of radiation 
damage. 

After 6 days incubation the cultures were 
fixed in 10% formalin buffered to pH 7.0 and 
stained with hematoxylin and eosin, or used 
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FIG. 1. a) Frozen-dried dry-mounted section of mouse skin, stained with hematoxylin and 
eosin after autoradiography. b) Autoradiograph from identical skin section, demonstrating 
arsenic radioactivity sharply localized to hair follicles, skin adnexa and epidermis. 100. 


236 AUTORADIOGRAPHIC ARSENIC LOCALIZATION 


% & 


. HIG. 2. a) Section of mouse kidney similarly prepared. Juxtamedullary cortical vascular con- 
gestion is present. b) Autoradiograph of identical section, showing intravascular arsenic 
radioactivity, following 3 injections during a 24 hr experiment. 24, 


for autoradiography, or both. Examination histologic preservation and active prolifera- 
of both normal control cultures and those tions at the edges composed of the respective 
exposed to radioactive arsenic showed good epithelial or fibroblastic cellular components. 


AUTORADIOGRAPHIC 


ARSENIC LOCALIZATION 
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FIG, 3. 


as described, and b) as demonstrated by autoradiography. Fields are not identical. 


Uptakes of radioactive arsenic were strong 
both in tissue cultures of embryonic epithelium 
(Fig. 3, A and B) and fibroblasts (Fig. 4, A 
and B), as demonstrated by autoradiography. 
The fibroblast culture uptake was. slightly 
greater. 

Controls exposed to 1:80000 dilutions of 
ordinary arsenic trichloride showed consider- 
able necrosis of embryonic fibroblasts, but 
with some peripheral macrophage migration. 
Evidently the actual concentration of radio- 
active arsenic fell below the level of chemical 
toxicitv. The technical difficulties of obtain- 
ing sufficient isotopic arsenic limited more ex- 
tensive explorations. 

Histochemical tests(6) for arsenic carried 
out on the same tissues were negative. 
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Comparison of radioactive arsenic treated epithelial tissue culture margins a) stained 


500. 


Comment. ‘To our knowledge, use of radio- 
active inorganic arsenic in autoradiography 
has not been previously reported, although 
As‘ tagged lewisite localization in skin has 
been studied(7). The autoradiographic re- 
sults have suggested a contrast in the metab- 
olism of arsenic in adult versus embryonic 
tissues. The epidermis and its adnexa were 
the specific sites of localization in the adult, 
while both embryonic fibroblasts and epithe- 
lium in tissue cultures absorbed arsenic with 
almost equal vigor. It would appear that the 
carcinogenic arsenic is actually contained with- 
in the types of cells where neoplasms later 
develop. Histochemical tests used at present 
thus fail accurately to localize the arsenic and 
therefore are not useful in such investigations 
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FIG. 4. Radioactive arsenic treated fibroblast tissue culture for comparison of margins 
a) stained as described )b) shown by autoradiogr 


‘aphy. Wields are not identical. 500. 


CoRTISONE AND Liver GLYCOGEN 


of human tissues. 

Summary. Autoradiography showed speci- 
fic localization of As* and As“ in adult mouse 
epidermis and skin adnexa. In tissue cultures 
embryonic mouse epidermis and chicken fibro- 
blasts both absorbed the radioactive arsenic. 
Histochemical methods so far developed have 
evidently not accurately demonstrated the lo- 
cations of arsenic in tissues. 


Appreciation is expressed to Dr. Ralph W. McKee 
for the chemical analysis, to Miss Egilda DeAmicis 
for the assays of radioactivity, and to Dr. Margaret 
W. Holt and Miss Marie Sullivan for assistance with 
the autoradiography. 
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Time-Response Effect of Cortisone upon Liver Glycogen in the Rat. (20602) 


Dwicut J. INGLE, RoBert C. MEEKS, AND DEXTER F. BEary. 


From the Research Laboratories, The Upjohn Co., Kalamazoo, Mich. 


The acute glycogenic effect of cortisone is 
known. In the present experiments cortisone 
acetate was administered to force-fed rats for 
periods up to 6 weeks. The peak level of 
liver glycogen was reached within 5 days and 
thereafter began to decline but remained at 
higher-than-normal levels during the times 
studied here. 

Methods. Male rats of the Sprague-Dawley 
strain, having an initial weight of approxi- 
mately 300 g, were force-fed a medium carbo- 
hydrate diet(1). All of the animals were 
force-fed for 14 days prior to beginning the 
injection of cortisone acetate. Cortisone ace- 
tate (microcrystalline suspension, Upjohn) 
was administered subcutaneously each morn- 
ing. At the end of the injection period each 
rat was fasted for 24 hours and anesthetized 
with cyclopal; the liver was rapidly excised, 
weighed and dropped into hot KOH. Liver 
glycogen was determined by the use of an- 
throne(2). 

Experiments and results. The cortisone 
dosage was 2, 5 and 10 mg/rat/day. At 
each of the 3 dosage levels, 6 to 8 rats were 
killed at intervals of 1, 2,3, 5, 7, 10, 14, 21, 28 


and 42 days. Liver glycogen was determined 
in 8 untreated rats. Rats given 10 mg of 
cortisone daily developed generalized infec- 
tion between 4 and 6 weeks. Four of these 
rats died and the remaining 3 were sick and 
unsuitable for the determination of liver gly- 
cogen. The average values are summarized 
in Fig. 1. The increase was proportional to 
the dose of cortisone acetate. The peak level 
was reached by 5 days at each of the 3 dos- 
age levels. Thereafter, there was a decline 
in the amount of liver glycogen but the time- 
response curves (Fig. 1) did not approach the 
values for untreated animals during the periods 
studied here. The values were also calculated 
as total glycogen per rat and as per cent gly- 
cogen in liver. Although these values did not 
correlate exactly with those shown in Fig. 1, 
the shape of the curves remained essentially 
the same. The concentration of glycogen in 
liver reached 9.26% for the group treated 
with 10 mg of cortisone acetate daily for 5 
days. 

Discussion. The decline in the time-re- 
sponse curve showing the effect of cortisone 
upon the level of liver glycogen may represent 
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HIG. 1. Values for liver glycogen in rats treated 

with cortisone acetate. Hach point in the curves 

represents avg of 6 to 8 rats. Expressed as mg of 
liver glycogen per 100 g of rat. 


adaptation to hypercorticalism. There is a 
similar decline in the time-response curves 
showing the effect of high cortisone dosage 
upon urinary non-protein nitrogen and the 
glycosuria of rats having steroid diabetes in- 
duced by cortisone(3). This is not the only 
interpretation which can be made of the data. 
It was noted that the livers of these animals 
became progressively fatty especially at cortis- 
one dosage of 5 and 10 mg daily. Baker e¢ al. 
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(4) studied similar animals having hyper- 
corticalism induced by corticotropin and sug- 
gested that sufficient fat accumulated in the 
liver so that some of its functions might have 
been impaired. Partial impairment of hepatic 
participation in gluconeogenesis from protein 
might explain the reduction in the level of 
liver glycogen and also the decline in urinary 
nitrogen and glucose from their initial peak 
levels. 


Summary. Male rats having an_ initial 
weight of approximately 300 g were given 
single daily injections of cortisone acetate in 
doses of 2, 5, and 10 mg/rat/day. At each 
of the 3 dosage levels 6 to 8 rats were killed 
at intervals ranging from 1 to 42 days and 
the amount of liver glycogen determined in 
each rat. The peak level was reached within 
5 days and was followed by a significant de- 
cline towards, but not approaching, normal 
values. 
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Received September 17, 1953. P.S.E.B.M., 1953, v84. . 


Single Dimension Chromatographic Separation of Thyroxin and 


Triiodothyronine.* 


(20603) 


Epwin C. ALBRIGHT, FRANK C. LARSON, AND WILLIAM P. Driss.t 


From the Department of Medicine, University of Wisconsin Medical School and Veterans 
Administration Hospital, Madison, Wis. 


The presence of the amino acid 3:5:3' tri- 
iodothyronine in the plasma of normal and 
hyperthyroid subjects was recently demon- 
strated by Gross and Pitt-Rivers(1). These 
workers separated triiodothyronine from thy- 


* This work was supported in part by the Wis- 
consin Alumni Research Foundation. 

t Research Fellow of the Arthritis and Rheuma- 
tism Foundation. 


roxine by means of two dimentional chroma- 
tography. We have found this procedure time- 
consuming, and the spots produced tend to be 
diffuse and lack sharp definition. Described 
below is a method by which thyroxint and 
triiodothyronineS can be conveniently sepa- 


{ Kindly supplied by E. R. Squibb and Sons. 
§ Kindly supplied by Smith, Kline and French 
Laboratories. 
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rated by single dimension chromatography. 


Method. An ascending type of chroma- 
tography was used. Whatman No. 3mm 
filter paper cut into a tapered form (Fig. 1), 
was employed(2). This has proved helpful 
in maintaining discrete spots; hence materially 
aids the separation of two amino acids with 
Rf values in the same range. A 4” x 6” x 14” 
glass jar was used as the chromatographic 
chamber. The strips were suspended by stain- 
less steel clips attached to brackets on the 
underside of the lucite lid. The tip of the 
paper wick was submerged 1-2 mm below the 
surface of the developing solvent. The jars 
were placed in a well insulated chamber to 
avoid variations in temperature. Several sol- 
vent systems were tried. In our hands butanol- 
primary amyl alcohol-ammonium hydroxide as 
employed by Robbins(3), and butanol-isoamyl 
alcohol-ammonium hydroxide as reported by 


(ee) 
cm 


FIG. 1. Diagram of paper chromatogram. 
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2, Chromatograms of synthetic samples: Left, in butanol-dioxane-ammoni j 
right, in collidine-water developer. THY—thyroxin, TRI—38:5:3’-L-triiodothyronine, TYR— 
\ tyrosine, DI-T'Y—diiodotyrosine. 
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Hird(4) gave less satisfactory separation of 
the amino acids than the following solvents. 
One consisted of 44 ml of water dissolved in 
125 ml of 2-4-6 collidine. The other was a 
mixture of 80 ml of butanol, 20 ml of dioxane, 
and 100 ml of 2 N ammonium hydroxide. This 
mixture was shaken in a separatory funnel and 
the aqueous phase discarded. A small beaker 
of concentrated ammonium hydroxide was 
placed in the chamber containing the collidine- 
water solution to saturate the atmosphere with 
ammonia. The amino acids tyrosine, diiodo- 
tyrosine, diiodothyronine, triiodothyronine and 
thyroxin were dissolved in 0.5 N sodium 
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hydroxide. Solutions containing 1 mg per ml 
of these amino acids were prepared. ‘These 
were chromatographed singly and in combina- 
tion. In the serum study I"! labeled triiodo- 
thyronine!! and radioactive thyroxin|l were 
added to serum at a concentration of | pg 
per ml. Two ml of this serum was extracted 
3 times with twice the volume of butanol. 
Colorimetrically identifiable quantities of the 
amino acid were added and the extract was 
concentrated to 1 ml. The solution to be 


chromatographed was deposited on the paper 
in a horizontal line 2 cm long, 9 cm from the 
end of the wick. 


Care was taken to limit the 


Tatie, Miie 
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MG. 3. 


which radiothyroxin and radiotriiodothyronine were added. 


3—butanol-dioxane-ammonia developer. 
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Fig. 3B 


Distribution of radioactivity on the chromatograms of butanol extracts of serum to 


A—collidine-water developer, 


Position of the amino acid is indicated by legend, 


THY—thyroxin, TRI—triiodothyronine. 


width of the line to 2-3 mm. If the strip is 
warmed during the application of the solution, 
50 microliters can be conveniently applied 
on this area. Eighteen hours were allowed for 
development. At the end of this period the 
strips were removed and dried at approxi- 
mately 80°C. They were then sprayed with 


|| Obtained from Abbott Laboratories, Oak Ridge, 
Tenn. 


a 2.5% sodium carbonate solution and again 
dried. Finally, they were sprayed with a 
diazo reagent prepared according to Koessler 
and Hanke(5).1 Approximately 50 pg of each 
amino acid are required for adequate intensity 
of color using this reaction. 


In the serum studies in which the radioac- 
tive amino acids were used the paper strips 
were cut transversely into segments 5 mm in 
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TABLE I. Rf Values of Several Iodine Containing 

Amino Acids, Tyrosine and Iodide in Butanol- 

Dioxane-Ammonia and Collidine Solvents at 18 Hr 
at Room Temperature. 


BDA Collidine 
Thyroxin oT 45 
3:5:3'-L-triiodothyronine 64 60 
3:5-Diuodothyronine 52 
Diiodotyrosine 05 08 
Tyrosine lie 25 
Todide 33 1.0 


width and the radioactivity of the segments 
determined in an end window GM counter. 

Results. Typical chromatograms of pure 
amino acid solutions are seen in Fig. 2 which 
demonstrates separation of thyroxin and tri- 
iodothyronine in both solvent systems. Thy- 
roxin, triiodothyronine and diiodothyronine 
appear as pink lines with the diazo reagent 
while tyrosine and diiodotyrosine produce an 
orange color. Table I lists the Rf values ob- 
served in each solvent system. 


{| Prepared as follows: To a 50 ml flask immersed 
in an ice bath add (1) 1.5 ml of a solution contain- 
ing 9 g sulfanilic acid and 90 ml of concentrated 
HCl per liter and (2) 1.5 ml of a 5% sodium 
nitrite solution. Allow to stand 5 min. and add an 
additional 6 ml of sodium nitrite solution. After 5 
more min. dilute to volume with water. This reagent 
may be used for several days if refrigerated. 


Fig. 3 shows the distribution of radioactivity 
on the chromatograms of butanol extracts of 
serum to which radioactive thyroxin and radio- 
active triiodothyronine have been added. 
Coincidence of radioactivity with the amino 
acid spot is shown by the accompanying bar 
graph. 

Summary. A method is described by which 
iodine-containing amino acids, including thy- 
roxin and triiodothyronine can be adequately 
separated by single dimension chromatogra- 
phy. Physiological quantities of labelled 
thyroxin and triiodothyronine have been 
added to serum, extracted with butanol and 
separated by this method. 


The authors wish to acknowledge the invaluable 
assistance of Miss Sue Ames, Medical Technician. 
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Lack of Growth-Promoting Potency and of Toxicity of Glucagon (Hyper- 
glycemic-Glycogenolytic Factor) in Hypophysectomized Rats. (20604) 


I. I. GESCHWIND AND A. STAUB. 


(Introduced by Choh Hao Li.) 


From the Department of Biochemistry (Hormone Research), University of California, Berkeley, 
and the Lilly Research Laboratories, Indianapolis, Ind. 


The hypothesis that pituitary growth hor- 
mone stimulates the release of glucagon from 
the islet cells of the pancreas(1,2) has re- 
cently received experimental support from 
several laboratories(3-5). Elrick(6) has at- 
tempted to adduce further evidence for this 
claim by determining whether the growth 
promoting action of growth hormone is medi- 
ated through glucagon. A slight increase in 
the width of the proximal epiphyseal cartilage 
of the tibia was reported following glucagon 


administration to hypophysectomized — rats. 
Since these results seem to add further weight 
to the aforementioned hypothesis, the experi- 
ments were deemed worthy of repetition with 
a highly purified glucagon preparation. 
Experimental. The glucagon preparation 
(lot No. 208-108 B-234) employed in this 
study was a highly active preparation in which 
insulin had been destroyed by treatment with 
cysteine. Administration of 0.5 p»e¢/kg intra- 
venously into cats caused a 30 mg % rise in 


GLUCAGON AND PITUITARY GROWTH HORMONE 


TABLE I. Effect of Glucagon on Tibial Cartilage 
Width of Hypophysectomized Rat. 


Cartilage 

No. of Daily dise width 

Exp. group animals dose (ug) (w+ S.E.) 
Control 12 0 147 + 1.6 
Glucagon* 6 5 147 + 2.5 
# ¢ i 50 146 + 2.2 

# + 7 100 155 = 2.3 

e ij 5 250 16 = <9 


* Solution for inj. for whole experiment prepared 
in adyance. 
1 Sol. for inj. 


prepared daily from freshly 
weighed powder. 


blood sugar. Insulin assay indicated that the 
preparation was virtually free of hypoglycemic 
activity. The insulin employed was a crys- 
talline preparation (lot No. 538, 155) with a 
potency of 26 units per mg. Growth hormone 
assays were performed in female rats of the 
Long-Evans strain, hypophysectomized at 28 
days of age. Injections were begun 2 weeks 
post-operatively, and were continued for 4 
days. All injections were of 0.5 ml volume 
and were given intraperitoneally, with the ex- 
ception of one experiment in which the glu- 
cagon was suspended in a peanut oil-beeswax 
mixture (7), and injected subcutaneously in a 
daily dose of 0.1 ml. The animals were sacri- 
ficed 24 hours after the final injection and the 
tibial cartilage widths were determined after 
staining with silver nitrate according to the 
method of Greenspan ef al.(8). 


Results and discussion. The results pre- 
sented in Table I demonstrate that doses of 
glucagon as great as 250 wg per day for 4 days 
are completely incapable of causing any in- 
crease in the disc width; that is, glucagon 
shows no evidence of any growth promoting 
action by this test. In the 3 experiments 
reported by Elrick(6), 3 different preparations 
of glucagon in doses of from 10 to 100 pg 
per day caused increases in the tibia widths. 
However, in 2 of the 3 experiments no dose- 
response relationship was observed, and in 
none of the experiments was a cartilage width 
found which was outside the range of non- 
specific response(8). It should be borne in 
mind, additionally, that none of the prepara- 
tions of glucagon used in these earlier experi- 
ments was as pure as the one herein employed. 
This is evident from the increased hypergly- 
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cemic activity of our preparation, its freedom 
from insulin contamination, and its complete 
lack of toxicity in: the doses employed. The 
last point is of special interest, since it has 
been claimed that doses. of glucagon greater 
than 25 pg per day are toxic to 20 to 60% ‘of 
the animals, during a 4-day test(6). The 
present experiments, employing much higher 
doses of glucagon. than those employed by 
Elrick(6), demonstrated that the toxicity is 
neither an inherent property of the glucagon, 
nor is it a CONS UEDCe of its physiological 
action. 

The capi. ded that the cruder- 
preparations previously employed(6) may 
have contained contaminants which delayed 
the absorption of the injected glucagon, and 
hence increased its duration of action. In 
order to test this alternative, glucagon was 
administered subcutaneously in beeswax for 
4 days, but without any apparent toxicity. 
Comparison of the control data and the ex- 
perimental data in line 2 of Table II, demon- 
strate that the administration of glucagon in 
beeswax is of no assistance in promoting a 
growth response. 

A final remaining possibility was that both 
the increase in tibia cartilage width and the 
toxicity previously reported(6) were caused 
by contamination of the earlier preparations 
of glucagon with insulin. Thus Salter and 
Best (9,10) have reported that injection of the 
hypophysectomized rat with protamine zinc 
insulin results in a stimulation of body and 
skeletal growth and that by the 15th day of 
injection the tibia cartilage width is twice the 
control value. On the other hand, the extreme 


TABLE II. Effects of Glucagon in Beeswax, of 

Insulin, and of Glucagon in Combination with In- 

sulin on ‘Tibial Cartilage Width of Hypophysecto- 
mized Rat. 


Cartilage 

No. of Daily dise width 

Exp. group animals dose (ug) (w+ S8.E.) 
Control SHAS eat 170 + 4.7 
Glucagon* 6 100 plies alte) 
Insulin Bt 172 + 2.3 
Tnsulin + 4 St 170 + 5.0 

glucagon 100 : 


* Daily subeut. inj..of 0.1 ee beeswax-peanut oil 
suspension for,.4 days. 
+ Equivalent to .02 unit. 
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sensitivity of the hypophysectomized animal 
to regular insulin is well known. This possi- 
bility was investigated in 2 groups of animals, 
one of which was: injected intraperitoneally 
with. 0.02 unit:of insulin daily for 4 days, 
‘whereas the second group received the same 
dose of insulin together with 100 pg of glu- 
cagon per day. The results of these experi- 
ments given in lines 3 and 4 of Table II, 
demonstrate complete lack of growth activity 
on the part of insulin alone in this dosage, or 
of insulin together with glucagon. Insofar as 
toxicity is concerned, one animal from each 
of these 2 groups died after the first injection, 
and all the other animals appeared in poor 
‘condition. The practice was therefore insti- 
tuted of injecting one ml of a 20% glucose 
solution intraperitoneally one-half hour after 
‘the hormone injection. Under this regime, 
only one animal, from the combined hormone 
group, died in the following 3 days, and the 
general appearance of all animals appeared 
greatly improved. Although the desire to ob- 
tain more information about toxicity had to 
be relinquished in favor of obtaining a suf- 
ficient number of surviving animals for growth 
assay, it appeared, nonetheless, that insulin, 
at 0.02 unit per day, could be quite toxic to 
the hypophysectomized animal, and thus 
could possibly explain the toxicity of cruder 
glucagon preparations. 


INTERFERENCE AND RDE on Toxicity 


Summary. A highly purified preparation 
of glucagon in doses as high as 0.25 mg/day, 
has no effect on the width of the epiphyseal 
cartilage of the hypophysectomized rat as de- 
termined by the tibia test for growth hormone. 


Such a preparation possesses no toxicity when 


injected into these test animals. Possible 
reasons for the previously claimed growth 
promoting activity and toxicity of glucagon 
fractions are discussed. 
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Effects of Interfering Virus and RDE upon Development of Toxic 


iReactions.* 


(20605) 


Jacos Fonc, Ropert Loure, AND CHaries CHING. 


From the Department of Bacteriology, University of California, Berkeley. 


The occurrence of toxic reactions following 
intracerebral, intraperitoneal or intravenous 
injection of influenza viruses into certain spe- 
cies of animals was first described by Henle 
and Henle(1,2,3) and subsequently confirmed 
and elaborated upon by various other workers 
(4-7). Despite the approximately 9 years 
which have elapsed since the first description 


* This Suen was aided by a grant from: the 
Research Committee of the University of California. 


of the phenomenon, however, little is known 
about the nature of the toxins or the mechan- 
isms of their action. Earlier reports(1-5) 
based on passage and cultivation experiments 
have shown that viral multiplication was not 
an essential factor in the induction of toxic 
episodes. These findings might possibly pose 
a question concerning the necessity for inti- 
mate contact between virus and susceptible 
cells in animals which exhibit toxic symptoms. 


1953, v84. | 


INTERFERENCE AND RDE on Toxicity 


It seemed of interest, therefore, to determine 
the effects of prior injections of interfering 
virus and receptor-destroying enzyme upon 
the development of toxic reactions. The pres- 
ent paper describes the results of these studies. 

Materials and methods. Virus. The strain 
of virus used in these studies was an egg- 
adapted strain of influenza A (PR8). Virus 
was prepared by suballantoic inoculation of 
10- or 11-day embryonated eggs with 0.05 ml 
of a 10° or 10° dilution of virus in beef-heart 
infusion broth. Inoculated eggs were incu- 
bated at 36°C for 40-48 hours. After over- 
night chilling in the refrigerator, the allantoic 
fluids were harvested, pooled, and stored in 
ampoules in a dry ice cabinet. This was used 
as a source of toxic virus. Preparation of 
interfering virus. Virus prepared in the above 
manner was concentrated by the method of 
red cell adsorption and elution. A final con- 
centration of 5% chicken. red cells was added 
to virus; after 45 minutes in an ice water 
bath, the supernatant fluid was removed and 
the agglutinated cells resuspended in a small 
volume of 0.2 M phosphate buffer, pH 7.4. 
Elution was carried out in a 37°C water bath 
for 4 hours. The red cells were sedimented 
by light centrifugation and the supernatant 
fluid removed and adjusted to an hemagglu- 
tinin titer of 2560 (titer expressed as recipro- 
cal of dilution of virus in last tube showing 
complete agglutination when read by pattern 
method). The viral concentrate was then ex- 
posed to 5 x 10° M sulfur mustard for 3 hours 
at room temperature. Virus inactivated in 
this manner gave rise to no hemagglutinins in 
each of 6 eggs inoculated allantoically with 
0.05 ml of undiluted material or with 0.05 ml 
of serial 10-fold dilutions of virus. As re- 
ported previously, such preparations were 
markedly interfering(8). Receptor-destroying 
enzyme. Vibrio cholerae (Inaba), Culture 
35A3 (National Institute of Health, Bethesda, 
Md.) was grown in beef-heart infusion broth 
for 18 hours at 37°C. The culture was passed 
through a Berkefeld N filter and the filtrate 
used as a source of RDE. The activity of 
this preparation was adequate to destroy all 
hemagglutinin-inhibitors in mouse brain ex- 
tracts after 1 hour at 37°C. Experiments 
with interfering virus. Injection of inactivated 
influenza A (PR8) virus for determination of 
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its effect upon development of toxic symptoms 
consisted of 0.03 ml of undiluted interfering 
suspension introduced into the right cerebral 
hemisphere of 3-week-old mice. (Swiss, Web- 
ster strain, random sex) under light ether an- 
esthesia. This was followed 2 hours later by 
inoculation of 0.03 ml of active (toxic) influ- 
enza A virus into the same general area. 
Control mice received normal allantoic fluid 
in the first injection instead of interfering 
virus. All mice were observed daily for a 
period of 7 days. Convulsions upon spinning 
of animals or deaths occurring after 24 hours 
were used as criteria for virus-induced toxic 
reactions. Experiments with RDE. Intracer- 
ebral inoculation of RDE and toxic virus in 
mice and their subsequent observation fol- 
lowed the same general procedure described 
in the preceding section. Control animals 
were given broth instead of RDE in the first 
injection. 

Results. Effect of prior injections of inac- 
tivated virus or RDE upon development of 
toxic reactions. ‘The results of toxicity tests 
in mice receiving prior inoculations of either 
homologous interfering virus or RDE are 
shown in Table I. The data of this table 
represent the combined results of 2 to 3 sep- 
arate experiments. 

The suspension of active virus used in these 
experiments was toxic to slightly more than 
50% of experimental animals when 0.03 ml 
of a 1:2 dilution was inoculated (Animal 
Group 3). The data for Animal Group 1 in- 
dicate that intracerebral inoculation of 0.03 
ml of inactivated interfering virus 2 hours 
before administration of a similar volume of 
undiluted toxic virus resulted in a marked 
reduction in the incidence of toxic reactions. 
It may be seen that the ratio of toxic reactions 
in mice receiving prior injections of inac- 
tivated virus and in control animals (Group 
2) is approximately 1:2.5. An even greater 
reduction in the number of toxic reactions was 
evident when 0.03 ml of RDE was admin- 
istered prior to intracerebral inoculation of 
toxic virus. Comparison of the data shown 
for animal groups 4 and 5 reveals that the 
ratio of toxic reactions in the two groups is 
about 1:7. The results shown for Animal 
Group 6 emphasized the necessity for admin- 
istration of RDE before virus if effective sup- 
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INTERFERENCE AND RDE on Toxicity 


TABLE I. Effects of Prior Injections of Interfering Virus and RDE upon Development of 


Toxie Symptoms. 
ee EE eee eee 
SSS SS EEE 


Ie 
Animal - Toxicity positive 
group Nature of 1st inoc. Nature of 2nd inoc. results* reactions 

1 Inactivated PR8 Undil. active PR8 9/24 Bie) 

2 Allantoie fluid ae as re 23/24 95.8 

3 # x ¥% dil. active PR8 13/24 54.2 

4 RDE Undil. active PR8 4/32 12.5 

5 Broth es a He 20/23 86.9 

6 Undil. active PR8 RDE 22/23 95.7 

7 RDE Undil. active PR8t 24/24. 100 
Time between inoc. = 2 hr... 


* No. of animals dead or showing convulsions/total No. of animals in test. 


t Second inj. consisted of 1 ml of virus intrav. 


pression of toxic reactions is to be established. 
Vibrio cholerae filtrates given 2 hours after 
active virus failed to influence the subsequent 
course of events in mouse brain. 


It is apparent from the data shown in Ani- 
mal Group 7 that intracerebral inoculation of 
0.03 ml of RDE 2 hours earlier failed to pre- 
vent the development of toxic symptoms upon 
intravenous injection of 1 ml of active influ- 
enza A virus. The action following intra- 
cerebral injection of RDE was apparently a 
local effect, presumably because the amount 
of RDE introduced into the host was so small. 
However, the activity of RDE within the 
mouse brain was not a unilateral one confined 
to the side of inoculation, for other tests (not 
shown) employing injections of RDE and 
virus into opposite hemispheres led to an 
equally effective suppression of toxic reactions, 
provided the receptor-destroying enzyme was 
given prior to virus. 


Discussion and summary. ‘The results re- 
ported in this paper have shown that prior 
injections of inactivated interfering virus or 
RDE into mouse brain resulted in a marked 
reduction in the incidence of toxic episodes 
usually associated with intracerebral adminis- 
trations of concentrated suspensions of influ- 
enza viruses. Intracerebral injections of RDE 
failed to prevent toxic manifestations, how- 


(All other inj. intracer.) 


ever, when virus was introduced by an intra- 
venous route. The somewhat greater efficiency 
of RDE in suppression of toxic manifesta- 
tions, as compared with inactivated virus, may 
possibly be a reflection of its position in the 
receptor gradient. The-fact that both inac- 
tivated interfering virus and RDE proved 
effective in protection of animals against toxic 
doses of yirus introduced into the central 
nervous system might appear to suggest that 
intimate contact between virus and susceptible 
cell was essential for development of toxic 
reactions. If union of virus and cell is indis- 
pensable, it is apparently a fairly rapid pro- 
cess, for injection of RDE two hours after 
toxic virus failed to modify the incidence of 
toxic reactions. 
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Comparison of Quantity of Egg and Mouse-Adapted Influenza Viruses 


Required to Infect Each Host. 


(20606) 


HAROLD S. GINSBERG. 


From the Departments of Preventive Medicine and of Medicine, School of Medicine, Western 
Reserve University, and the University Hospitals, Cleveland, O. 


Certain characteristics of strains of influ- 
enza viruses, adapted to the chick embryo 
and to the mouse lung, have been considered 
to provide an inherent basis for differences in 
their biological behavior. Properties have 
been ascribed to mouse-adapted agents, that 
distinguish them from their relatives which, 
although ‘“‘unadapted,” can nevertheless mul- 
tiply extensively in the mouse lung. Mouse- 
adapted strains propagating in the mouse Jung 
have been reported to possess: 1) a more 
rapid multiplication rate(1); 2) a shorter 
“lag” phase of the growth cycle(2); 3) the 
capacity to synthesize more virus(2); and 
4) the ability to destroy the inhibitor of 
hemagglutination in mouse lung(3). In addi- 
_ tion, differences have been demonstrated in 
strains of viruses in their capacity to produce 
cell damage(4) and the effect of this injury 
on subsequent viral multiplication has been 
studied(4). In every instance the comparable 
quantity of each agent employed was deter- 
mined solely by infectivity titrations in chick 
embryos whereas the properties of the influ- 
enza viruses were investigated in the mouse. 
In order to interpret these studies adequately 
and to carry out further experiments compar- 
ing influenza viruses it was important to test 
the validity of the assumption that comparable 
quantities of 2 strains measured in the chick 
embryo would maintain the same quantitative 
relationship in a second host, i.e. the mouse. 
Studies by Knight indicated that with the 
mouse-adapted PR8 strain of influenza A 
virus, mouse-passage preparations were about 
100 times as infectious for mice as egg-pas- 
sage preparations of this agent(5). It seemed 


* This investigation was conducted under the spon- 
sorship of the Commission on Acute Respiratory 
Diseases, Armed Forces Epidemiological Board, and 
was supported in part by the Office of The Surgeon 
General, Department of the Army, and by grants 
from the Brush Foundation and Mr. Philip R. 
Mather. 


possible, therefore, that the relative quantity 
of adapted virus necessary to infect the mouse 
would be considerably less than the concen- 
tration of unadapted agent essential to initiate 
viral multiplication. If so, this would provide 
another differentiating property of mouse- 
adapted influenza viruses. Moreover, it ap- 
peared that the quantitative capacity to infect | 
a given host might vary from strain to strain, 
mouse or egg adapted. The results of a study 
of the relative quantity of mouse adapted and 
unadapted influenza viruses essential to infect 
the chick embryo allantoic membrane and the 
mouse lung are here described. 

Materials and methods. Viruses. A number 
of different chick embryo- and mouse-adapted 
Strains of influenza A virus and the mouse- 
adapted Lee strain of influenza B virus were 
employed. In Table I are indicated the source, 
animal passage history and whether or not 
they are adapted to the mouse lung. The 
strain names of these agents will be used for 
reference in this paper. Viruses were culti- 
vated by inoculation of 0.2 ml of a 10+ dilu- 
tion of each into the allantoic sac of 10-11 
day old chick embryos(6). Infected allantoic 
fluids were stored in sealed glass ampules at 
—70°C in a cabinet which contained solid 
COs. Animals. Three to 4 week old albino 
Swiss mice, CFW strain, were obtained from 
Carworth Farms for mouse infectivity titra- 
tions. Fertile white eggs received from a 
local dealer were incubated at 39°C for 10 
to 11 days and then employed for im ovo in- 
fectivity titrations. Viral infectivity titrations. 
Dilutions of virus were prepared in 0.5 logio 
increments in tryptose phosphate broth con- 
taining 500 units of penicillin and 0.5 mg of 
streptomycin per ml. Dilutions were kept in 
an ice-water bath, and each inoculated as 
quickly as possible into mice and embryonated 
eggs. In ovo titrations. Each dilution was 
inoculated intra-allantoically in 0.1 ml vol- 
umes into groups of 4 chick embryos. Inocu- 
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TABLE I. Descriptive Data Concerning the Strains of Influenza A and B Viruses Employed. 
See ee ee eee ————————E—————————————— 


Mouse 
Virus Isolated by Passage history} adapted 

Influenza A—PR8 Francis Unknowns E1 Yes 

—CAM* Anderson E210 No 

—WRU 51-51 Jordan 8 < 

— ” Kaa ‘3 Oe MLS ea Yes 

—WRU 52-51 h4 No 

— ” 583-51 % 3 “ 

—Rhodest Francis F3; E9 cf 

Bate es et z F4; M127; H1 


” 


Influenza B—Lee 


Unknown$ E1 


* Obtained from Dr. John Y. Sugg, Cornell University Medical College. _ eiuslen 
+ Obtained from Dr. Fred M. Davenport, School of Public Health, University of Michigan. 
+ E—No. of chick embryo passages; M — No. of mouse passages; F — No. of ferret pas- 


sages. 


§ Isolated in ferrets; followed by numerous mouse and chick embryo passages. 


lated eggs were incubated for 44-48 hours at 
35°C, followed by 16-18 hours at 4°C. The 
presence of virus in the allantoic fluid of each 
egg was determined by the hemagglutination 
reaction(7): to undiluted and 1:10 dilution 
of each fluid was added an equal volume of 
1% chicken erythrocytes and the pattern of 
RBC was observed after 60 minutes at room 
temperature. Mouse infectivity titrations. A 
combination mouse-egg infectivity technic was 
employed in that the presence of unadapted 
influenza viruses in mouse lung cannot be 
demonstrated directly. Mice were inoculated 
intranasally under light ether anesthesia with 
0.05 ml of the diluted material to be tested; 
groups of 4 mice per dilution were employed. 
Mice were killed 3 days after inoculation, and 
the lungs removed asceptically from each 
group starting with mice which had received 
the highest dilution. A 10% suspension of 
lung from each mouse was prepared individ- 
ually by grinding in a mortar and pestle with 
1.5 ml of tryptose phosphate broth which con- 
tained penicillin and streptomycin. Suspen- 
sions were centrifuged at 2000 rpm for 2 min- 
utes, and each supernate was inoculated into 
the allantoic sac of each of 3 embryonated 
eggs. The inoculated eggs were incubated 
for 44-48 hours at 35°C and the presence of 
virus determined exactly as described under 
im ovo infectivity titrations. A mouse was 
considered to be infected if 1 or more of the 
3 allantoic fluids had virus present. The re- 
sults of titrations were expressed as 50% egg 
(E.I.50) or mouse (M.I.59) infectivity titers 


(8). 


Experimental. The infectivity titer of an 
organism may be defined as the smallest num- 
ber of particles of the agent which can infect 
a given host. This quantitative expression 
then indicates the relative amount of the 
organism in one infectious unit. By means of 
titrations in 2 hosts with the same dilutions 
of a single virus, the comparative quantity of 
the agent required to initiate infection in each 
host may be determined. Or expressed some- 
what differently, one may estimate the rela- 
tive susceptibility of each host to the agent. 
Experiments were designed to determine with 
chick embryo and mouse-adapted influenza 
viruses the relative quantity of virus in a 
single infectious unit for each of the 2 hosts. 

The results of an experiment carried out 
with mouse-adapted and chick embryo- 
adapted lines of the WRU 51-51 strain of 
influenza A virus are presented in detail in 
Table Il. The egg infectivity titer was 2.5 
log units higher than the mouse infectivity 
titer when the strain which had been passed 
only in embryonated eggs was employed. In 
sharp contrast to this finding were the data 
obtained with the WRU 51-51 virus which 
had been adapted to the mouse lung by serial 
passages. With this strain the dilution of 
virus which infected the mouse was almost 
identical with that essential to initiate viral 
propagation in the allantoic sac of the chick 
embryo. ‘These findings suggest that to infect 
a mouse approximately 100 times as much egg- 
adapted as mouse-adapted influenza virus is 
required. 

To determine if the quantity of virus in an 
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TABLE II. Results of Simultaneous Egg and Mouse-Egg Infectivity Titrations. Carried Out with 
Mouse-Adapted and Hgg-Adapted Strains of WRU 51-51 Influenza A Viruses, 


Egg infectivity | ——Mouse-egg infectivity titration-—, 
titration Mouse 
; Dilution Titer, Egg infectivity scoret lung Titer, Ratio B.I.59/ 
Virus titered inoe. Scoret  E.L.sot dle 2 3 4 seore M.1.s98 + M.Dis, log 
WRU 51-51, 1L0-*;° By BY) RYE” BYyB} 4/4 

egg-adapted Ih Oe 0/3 24 2/3. 50/8 2/4 IQs 
LO=S50 B/Be Ae 0/83 2 1/4 va 
1078-5 4/4 0/3 ” ” ” 0/4 
1077-9 29 27 ” ” ? ” 
10-75 ” ” ” ” 2 ” 
i(ae-° 2/3 LOE 
1Os85 0/4 

WRU 51-51, i One? Yah aif By/Sk Bay/3} 4/4 

mouse-adapted LORS 4/4. i ‘iG se % x 
10-8-0 ” 2 ag i 2/3 - 
aT Os:5 A 102 # a2 0/3 0/73 2/4 Tees 3 
1077-9 0/4 0/3 0/3 ” ” 0/4 
1077-5 1/4 ” ” ” ” ” 
1078-0 0/4 ” ” ” ” a” 
d.()r8a8 re 


a Indicates the 10% mouse lung suspension inoe. intra-allantoically into 3 chick embryos. 
t Numerator denotes No. infected; denominator denotes total No. per group. ' 


f E159 = 50% egg infectivity titer. 
Wines == 2 anouse a 


infectious unit as measured in mice and chick 
embryos was relatively constant for mouse- 
adapted and chick embryo-adapted influenza 
viruses several strains of each were employed. 
The results are summarized in Table III. It 
is strikingly clear that a marked distinction 
‘exists in every instance between unadapted 
and adapted viruses in relation to the com- 
parative quantities of each essential to induce 
infection in a mouse. Whereas, with un- 
adapted viruses approximately 80 to 270 times 
more virus was present in a mouse infectious 
unit than in an egg infectious unit, with 3 of 
the mouse-adapted strains approximately the 
same quantity of virus composed the infec- 
tious unit for either host. Even greater con- 
trast was noted with mouse-adapted Rhodes 
virus which manifested the capacity to infect 
the mouse with one-tenth the quantity of this 
agent required to produce infection in the 
embryonated egg. The marked discrepancy 
between infectivity titers of chick embryo- 
adapted viruses and the similarity of titers 
of mouse-adapted viruses as determined in 
both hosts cannot be attributed to the quan- 
tity of virus in the infected allantoic fluid 
tested. It will be noted in Table III that the 
chick embryo infectivity titer of viruses, un- 
adapted or adapted to the mouse, varied 


markedly but the quantitative relationship de- 
scribed was maintained. 

Discussion. The experimental evidence pre- 
sented indicates that strains of influenza A 
virus which have been cultivated only in chick 


\embryos required approximately 100 times 


more virus to infect mice than chick embryos. 
The ratio of egg infectivity titer to mouse 
infectivity titer (E:M) was of the same order 
of magnitude, z.e., 2.0 log units for each of 
the strains tested. In marked contrast, influ- 
enza A and B viruses adapted to the mouse 
lung infected each host with approximately 
the same quantity of virus; the E:M infectiv- 
ity ratio approached unity in 3 out of 4 ex- 
amples. With the Rhodes strain of influenza 
virus the chick embryo was a less sensitive 
host than the mouse. 
The relatively constant E:M infectivity ra- 
tio of egg-adapted viruses and probably a 
relatively constant but different ratio for 
mouse-adapted agents allow members of each 
group to be compared with others of similar 
host-adaptation characteristics by the use of- 
infectivity dosages determined in embryonated 
eggs. In contrast, comparison in mice of un- 
adapted with adapted strains in experiments 
in which the infectious dose, of each agent is 
determined solely by titrations in the chick 
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TABLE III. Comparative Chick Embryo and Mouse Infectivity Titers Obtained by Parallel 
Titrations with Several Mouse and Chick Embryo Adapted Strains of Influenza A and B Viruses. 


—Infeetivity titer 


Chick 

Mouse embryo, Mouse, Ratio B.1.5/ 

Virus titered adapted 198 Ge M16 M.L.;, log 
ITAV—WRU 51-51 No* Ne LO=e:8 2:5 
= J Oe ia NE Yes One® IOS 3 
—Rhodes No MOE HOE: 1.6 
— " -M Yes ING NOS _ =1.0 
—CAM No LO eres LOze:2 2.3 
—WRU 52-51 i NO=ee ies. 2.0 
— ” §8-51 % LO 8:4 Oss 1.8 
—PR8 Yes LOGS 2 ORs 2.0 
IQ LOR 2 


IBV—Lee | eu 


* Chick embryo-adapted. 


embryo is probably a hazardous technic. Ra- 
ther the more accurate but cumbersome pro- 
cedure of combination mouse-egg titration 
should probably be employed. _,, 

Data have been presented by Friedewald 
and Pickels to indicate the extreme sensitivity 
of chick embryos to infection with exceedingly 
small quantities of egg-adapted influenza 
virus(9). The results of the experiments re- 
ported suggest that with properly adapted in- 
fluenza virus the mouse is an equally sensitive 
host to infection with this agent. Infection 
of mouse lungs with relatively small amounts 
of adapted strains is even more surprising 
when one considers the relative inefficiency of 
intranasal inoculation of mice. For example, 
with PR8 virus it was estimated that of the 
order of only 18% of the inoculated virus 
actually initiated progressive infection in the 
mouse lung(10). 

The factors which permit an agent to adopt 
the’ cellular environment of a‘ new host for its 
biological activities are not clear. Since un- 
adapted viruses multiply extensively in the 
mouse lung(11), adaptation of an influenza 
virus to this organ implies the acquisition by 
that agent of the property to inflict cell dam- 
age which results in pulrnonary consolidation. 
Certain characteristics have been ascribed to 
these mouse-adapted viruses which ‘distinguish 
them from unadapted strains(1-3). That mice 
can be infected with considerably less adapted 
than unadapted virus suggests at least a par- 
tial explanation for Some’ of’ the previously 
described multiplication characteristics (1,2) 
of mouse-adapted influenza virus. In addi- 
tion, this finding may be ‘considered a further 


+ Geometric mean of results of 2 experiments. 


biological property of the mouse-adapted 
agent. 


Summary. Parallel titrations to determine 
the dilution of virus essential to initiate in- 
fection in the allantoic membrane of the em- 
bryonated egg and the mouse lung were car- 
ried out. In every instance with mouse- 
adapted viruses, the relative quantity essential 
to infect the-mouse and the chick embryo was 
approximately the same; with egg-adapted 
viruses approximately 2 logs more virus was 
required to initiate multiplication in the 
mouse lung than in the allantoic sac. These 
data describe another property of mouse- 
adapted influenza viruses which distinguish 
them from unadapted strains. 


The excellent technical assistance of Miss Mary 
K. Dixon was of inestimable value in this investiga- 
tion. 
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Pituitary tumors can be induced by ionizing | 


irradiation(1). In order to find out whether 
these tumors are hormone-secreting and if so, 
to ascertain the type of hormones they secrete, 
attempts were made to transplant them in 
mice of the strain in which the tumor origin- 
ated (LAF,). Furthermore, it was thought 
possible that these tumors, like those induced 
by I'*!, are conditioned neoplasms(2), and 
that the necessary conditioning procedures (3) 
might yield information as to the pathogenesis 
of pituitary tumors induced by ionizing ir- 
radiation. Accordingly, recipients were sub- 
jected to gonadectomy or radiothyroidectomy 
or X irradiation before grafting on them the 
tumors induced by ionizing irradiation. 


The first attempt to graft a pituitary tumor 
occurring among mice exposed to ionizing 
irradiation yielded a transplantable growth 
‘ which, contrary to expectations, proved auton- 
omous, that is, transplantable to normal mice 
as well as to those variously pretreated 
(conditioned). The salient changes _pro- 
duced in the recipients were: obesity, with 
atrophy of the thymus and spleen, polyuria 
sometimes with glycosuria, hyperglycemia, 
and leukopenia, notably lymphocytopenia. 
These findings constitute sufficient presump- 
tive evidence that the tumors secrete ACTH. 
Correspondingly, the adrenal glands of mice 
bearing these grafted tumors were hyperplastic 
while the gonads, thyroid, and other organs 
examined gave no indication of stimulation by 
other types of pituitary hormones. The fol- 
lowing is supporting evidence: 


Transplantation data. he original tumor 
(O.G. 1) was grafted in the thigh muscle of 
23 mice of the strain of origin, of which all but 
2 exhibited most, or all, of the changes stated 
above. Four males of this group were 
castrated 5 days after the tumor graft; 4 


* Work performed under contract for the U. S. 
Atomic Energy Commission. 

+ Drs. H. B. Andervont, W. E. Heston, and V. P. 
Bond kindly provided us with normal mice of the 
LAF, strain used in these studies. 


sibling males were non-castrated. Three fe- 
males received 250 pc of I’! 3 days after the 
tumor graft; 3 female siblings remained un- 
treated. Nine females received 200 r of 250 
kvp X rays approximately 1 year before the 
tumor graft. The period of latency of tumor 
development as ascertained by palpation 
varied from 110 to 207 days. Following 
identification of the tumor, the hosts lived for 
periods of several weeks; most of them were 
sacrificed. At death the tumor measured a 
few mm to 10 mm across. Two subpassages 
were made with success as indicated by leuko- 
penia or polyuria, after a somewhat shortened 
period of latency in all 16 mice that were 
grafted with tumor fragments. 

Polyuria and glycosuria. The urinary vol- 
ume of normal mice placed in a metabolism 
cage averages about 1-2 cc per day. The 
urinary volumes of mice bearing grafted 
tumors observed in the metabolism cage for 
at least 1 week varied between approximately 
20 to 30 cc/day. The water intake was cor- 
respondingly increased. Of 15 mice with 
polyuria 2 had severe glycosuria. None of 
the numerous uninjected controls studied gave 
significant quantities of sugar in the urine. 

Hyperglycemia. Blood sugar determina- 
tions were made on 8 tumor-bearing mice with 
leukopenia or polyuria. The animals were 
fasted for 16 hours. Samples of 0.05 ml of 
blood were obtained from the tail vein of 
heparinized mice and analyzed by the Folin- 
Wu method, slightly modified. Heparin had 
no effect on blood sugar levels. An approxi- 
mately double number of normal mice were 
tested simultaneously with tumor-bearing 
mice in each experiment. The values for re- 
ducing sugars in mg per 100 ml blood were as 


follows: 
Blood sugar, mg % 


Norma! mice t Mice with tumor grafts* 


88 104 
115, 120 160, 200, 230 
150, 160 170, 208, 210, 330 


* Individual values on animals with polyuria and 
leukopenia. 
+ Mean values of 2-3 mice. 
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The high normal values may be due to inade- 
quate fasting of mice in the respective experi- 
ments. 

White cell counts. The white cell count of 
9 tumor-bearing mice ranged from 300 to 
3,150, averaging 1,150. The % of lympho- 
cytes ranged from 4 to 44, averaging 15. The 
control white cell counts made simultaneously 
on 3 normal animals varied from 9,650 to 
12,050 with an average of 11,233. The lym- 
phocytes averaged 84.7%. 

Obesity. Every tumor-bearing animal was 
either moderately or highly obese. 

Microscopic observations. The adrenals of 
all tumor-bearing mice were slightly to greatly 
enlarged. The cells of all 3 layers of the 
cortex were swollen. The tumor cells were 
fairly uniform in size and shape. The nucleus 
was nearly normal in size and appearance; 
the cytoplasm was abundant and all cells con- 
tained in their cytoplasm numerous minute 
granules which were distinctly stained with 
hematoxylin. None of the other endocrines 
exhibited noteworthy changes. Detailed de- 
scription and illustration of the tumors, 
adrenals, and other organs will follow. 

Surgical removal of the adrenal was success- 
ful in one tumor-bearing mouse in which the 
24-hour urinary volume, 20 cc before opera- 
tion, dropped to 2 cc after the operation and 
remained within the normal range until death, 
24 days after operation. 

Comments. ‘Thirteen pituitary tumors in- 
duced by radiothyroidectomy in 3 strains of 
mice were transplanted in series to a total of 
well over 1000 mice. Transplantation of these 
tumors succeeded at first only in radiothyroid- 
ectomized and not in normal mice. All se- 
creted thyrotrophin and none ACTH. In con- 
trast, the tumors which originated in a mouse 
exposed to ionizing irradiation and analyzed 
in this study produce secondary changes in- 
dicative of ACTH secretion. A second tumor 
of similar provenance currently analyzed is 
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identical in every respect with that here de- 
scribed. The evidence presented elsewhere (1) 
strongly suggests that the tumors occurring 
among mice exposed to ionizing irradiation are 
actually induced by the latter either by a di- 
rect or indirect action, their incidence among 
controls 25 months after exposure being 0.15% 
as compared to 4 to 12% in groups receiving 
about 200-700 r. The present study indicates 
that these tumors might be related to the 
original insult of the adrenal-pituitary mechan- 
ism caused by a single exposure of gamma rays 
or neutrons. 


Excessive doses of cortisone produce in mice 
lymphopenia, loss of body weight, atrophy of 
thymus and spleen(4). The animals in our 
experiment did not lose and usually gained. 
weight. This suggests that obesity and gain 
in weight are due to hormones other than 
cortisone produced in excess (directly or in- 
directly) by the grafted pituitary tumors. 

Summary and conclusions. ‘Two pituitary 
tumors occurring in mice exposed to ionizing 
irradiation proved readily transplantable caus- 
ing in the recipients obesity with thymic 
atrophy, hyperglycemia, polyuria, sometimes 
with glycosuria, severe lymphocytopenia, and 
hypertrophy of the adrenal cortex. On the 
basis of these findings it is concluded that this 
tumor secretes ACTH. There is lack of evi- 
dence of stimulation of any endocrine organ 
other than the adrenal.: 


The able assistance of Miss Bonnie Anderson and 
Mr. Charles Gurney is hereby acknowledged. 
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Induction of Pituitary Tumors by Means of Ionizing Irradiation.*t (20608) 


A. C. UPTON AND J. Furtu. 
From Biology Division, Oak Ridge National Laboratory, Oak Ridge, Tenn. 


The occurrence of pituitary tumors among 
mice exposed to X rays has been mentioned 
before(1,2), but no evidence has been pre- 
sented thus far to indicate that these tumors 
were actually induced by ionizing irradiation. 
In all probability earlier workers did not ex- 
amine the cranial cavity systematically, or 
the experimental animals were not observed 
long enough after irradiation. 

Methods. Large numbers of mice of the 
LAF; strain were exposed to atomic detona- 
tion. Some were not shielded and received 
predominantly. gamma rays of high energy; 
some were lead-shielded to eliminate most of 
the gamma rays. The latter group will be 
spoken of as neutron-exposed animals. A ful- 
ler account of the exposure conditions and 
energy calculations will be given later. Ap- 

proximately 30 days following exposure the 
- surviving mice were transported to Oak Ridge 
where they remained individually caged until 
natural death or were killed in extremis. All 
animals have been autopsied and are pre- 
served: The tumor diagnosis, as tabulated, 
is based on gross examination confirmed by 
microscopic examinations. At autopsy most 
tumors replaced the anterior hypophysis com- 
pletely and compressed the overlying brain. 
In animals bearing large tumors the posterior 
part of the skull was bulging. Numerous 
animals in which the clinical diagnosis was 
made on this basis, were sacrificed and the 
bulk of the tumors was used in transplanta- 
tion studies(3). On microscopic examination 
the tumors appeared chromophobe usually 
with many cavernous vascular spaces. Inva- 
sion of the sella and its marrow cavity was 
frequent even though the cells appeared uni- 
form, lacked hyperchromatophilia and nuclear 
abnormalities indicative of malignancy. A 
detailed description of the gross and micro- 
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scopic features of these tumors will follow. 
Minute tumor nodules discovered on micro- 
scopic examination have not been included in 
the tabulation. Hemorrhage in the tumor or 
compression of the brain appeared to be the 
cause of death in most instances. 


Results. Table I indicates that 4 to 12% 
of the females exposed to 192-733 r developed 
pituitary tumors as compared to 0.3% of the 
controls. No pituitary tumor occurred among © 
the control males during this period of obser- 
vation while 2 to 5% of the males exposed to 
491-785 r developed such tumors. The dose 
acutely fatal to 50% of the animals was 
about 750 r. Most mice exposed to larger 
doses died within 10-14 months, and this 
probably accounts for the absence of pituitary 
tumors in mice exposed to higher doses, since, 
as Table II indicates, the period of latency of 
these tumors is very long. 

Table II shows that pituitary tumors began 
to appear in larger numbers 16 months post- 
irradiation, and they occurred with greatest 
frequency in the 23-25 months postirradiation 
groups. It is well known that chromophobe 
adenomas of the pituitary gland are common 
among old rats, but very little is known about 
pituitary tumors in mice. 

That pituitary tumor-induction dose is low 
is indicated in Table III which lists the find- 
ings on neutron-exposed mice. It seems that 
a dose as low as 40 to 70 rem may induce 
pituitary tumors. Further work is required , 
to establish the relatively greater efficiency of 
neutron as compared with gamma irradiation 
in the induction of these neoplasms, suggested 
by Table III. 

These findings, representing only a part of 
a very large scale experiment, are released 
here in a preliminary form because: 

(a) They indicate that ionizing irradiation 
can produce pituitary tumors in at least one 
strain of mice, and this knowledge might in- 
duce other investigators to a closer study of 
this organ in mice of other strains and of 
animals of different species exposed to ioniz- 


xposed to Atomic Detonation. 


a 
J) 


TABLE I. Longevity and Incidence of Pituitary Tumors in Mice I 


PiTuITARY TuMoR INDUCTION BY [IRRADIATION 


b BWlowantancnos TABLE II. Incidence of Pituitary Tumors in 
aS Mice Exposed to Atomic Detonation. 
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OP ch, cas ese ea Se er? i Pituitary Pituitary 
Ss Mo post- No. tumor No. tumor 
ie te irradiation dying No. % dying No. % 
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= ro | SCOROH | AAIO |S = 
aes) Wel ences || KeNTeDKeey Wlieates | = ; J irate : 
ie aS TABLE III. Incidence of Pituitary Tumors in 
ae cae Female Mice Exposed to Neutron Radiation from 
S” S/W RSOBOANHHA|S ‘'s Atomic Detonation. 
Sa Finest Cunrstroun ese mes = == 
& Be -—Miee surviving—, Pituitary 
ic aes Dose* No. 30 days lyr 25mo tumor 
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Pp D~ A loner) S = ag = - = : ee 
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| 8 Sire 40) 30 27 90° 24.13 1 4 
n tS 0 310 301° 97-300--189\4 7° de> Sao 
| a > a 
r wlooaaaqiew sf z is = * The rem values were caleulated on the basis of 
ee aon B os thymic wt loss following 230 kvp X radiation by 
31s Pine FS Dr. R. E. Carter and associates. 
ASS Nie tsk Glas 
en : mB 2s ing irradiation. 
- a (b) They indicate the long period of latency 
a he en eal a required for the development of these tumors, 
° = = oS = % A ~ 
| 3 = 5 and this knowledge might induce others not 
a slococognmes |x a or to destroy irradiated animals prematurely. 
eet aid eee rae (c) These data present the background to 
of et so . ° . . 
‘a g = a the transplantation studies of pituitary tumors 
a wineeen|oen |e ae described currently(3), indicating that the 
eo MiIga00 |] ODD |S 4 8 
ae pent first 2 of these tumors successfully grafted on 
Sil Sp cre cable Mle MU ps e i normal mice of this strain secrete ACTH. 
Bes Zon he te Ee Ne ae Soe (d) It is possible that these tumors are in- 
© Sy es 2 6 A ° pias ° 
z eS ee duced not by a direct action of ionizing ir- 
=} x 3 . . . . . 
z pine Peae ON on tee radiation on the pituitary but by some in- 
S coor ~re-b ord . . . . . 
Ngee igs Scakict: f Sacale: By 38 direct mechanism, the elucidation of which 
|e oS oneae calls for a renewed study of the effects of 
lea Se PG Be te MO 00100 et iy irradiation on endocrine and other organs 
| A HA Ao |S o.5 se 
ECE Ne under pituitary control. 
a & 5 . . . 
wELS It is generally believed that female mice 
oy ae, live longer than males. The present data 
sez lissesseoosc|, sia show the reverse, and this may be due to sev- 
Te HOSE at See owe eral factors, such as, strain differences, indi- 
mY €O Booms : é S ° 
Y aS oe vidual caging of the animals which prevented 
. Beene fighting among the males, or greater incidence 
ne oH n . 
Z| a119 69 bw Hoo Saar of neoplasms and other diseases among fe- 
Ww > : inet ay . 
| chee) hat ivan eres al a au males, at an earlier age. 
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A |SRRSGHA Summary and conclusions. Pituitary tu- 
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mors were induced in mice by a single ex- 
posure to ionizing irradiation. The greatest 
incidence occurred among mice exposed to 
doses of gamma radiation somewhat below 
the LDs 9. These tumors were about four 
times more frequent among females than 
among males. Neutrons appear more efficient 
in inducing these neoplasms than gamma rays, 
and the data suggest that doses as low as 40- 
70 rem may induce such tumors. The period 
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of latency of these neoplasms is very long, the 
maximum incidence being at 17-25 months 
postirradiation. 
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